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INTERMITTENT GROWTH OF FRUITS OF PHALAENOPSIS. 
A CORRELATION OF THE GROWTH PHASES OF AN 
ORCHID FRUIT WITH INTERNAL DEVELOPMENT 


Rospert E. DUNCAN AND JOHN T. CurRTIS' 


It has been recognized that the orchid ovary is not mature at the time of 
pollination since the work of Brogniart (1831) and confirmation of his find- 
ings by a number of mid-nineteenth century botanists. Hildebrand (1863), 
Treub (1883), and Guignard (1886) determined the periods of time which 
elapse between pollination, maturation of the macrogametophytes, fertiliza- 
tion, and appearance of the embryos, respectively, for a considerable num- 
ber of species. Veitch (1888) extended this type of observation to Cattleya 
labiata var. mossiae. In general, the periods of time between the phases of 
the reproductive process vary greatly from genus to genus and from species 
to species within the same genus. For example, Hildebrand (1863) found 
that 110 days after pollination the ovaries of Dendrobium nobile contained 
ovules possessing immature macrogametophytes and both integuments, and 
that 130 days after pollination embryos were developing. In Orchis mascula 
the respective periods were 19 and 28 days; in O. pyramidalis 7 and 10 days. 

Brown (1833) commented that the first pollen effect is the enlargement 
of the ovary and ovules. Criiger (1851) observed that pollination had a 
dynamie effect on fruit development in Vanda in that ovules are only formed 
after pollination. This effect, he believed, took place before the entrance of 
the pollen tubes into the ovary cavity, in contrast to the effect brought about 
by the material contribution of the pollen tubes at the time of fertilization. 
Hildebrand (1863) clearly recognized the ‘‘double effect’’ of pollination 
which he said was, first, the increase in size of the ovary and the matura- 
tion of the ovules, and second, fertilization. He recognized that unpollinated 
flowers fell off the plant, even though the ovules in some cases grew to a 
limited extent. Hildebrand (1865) found that in many cases foreign pollen 
induced fruit-set. He considered that a green enlarging ovary was of pri- 
mary importance to the development of the ovules. 

The work of Fitting (1909) and Laibach and Maschmann (1933) demon- 
strated by the behavior of the column that the pollinia contain a growth- 
regulatory substance. In general they studied an immediate pollination 


reaction characterized by the growth of the edges of the stigmatic cavity in 


1 Part of the cost of illustrations for this paper was borne by the Lucien M. Under 
wood Memorial Fund. 
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such a fashion as to enclose the pollinia.*? Guignard (1886) suggested that 
the enlargement of the ovary accompanied the growth of the pollen tubes 
to the base of the ovary. 

That pollination is necessary for fruit-set and in some indirect manner 
for ovule development is clearly demonstrated by Hurst’s (1898) report of 
matroclinous progeny resulting from attempted crosses between Zyqgopeta- 
lum mackayi and various species of Odontoglossum, Oncidium, and Lycaste, 
respectively. Suessenguth (1923) has shown that embryos formed in such 
crosses are of apomictie origin. They are not formed, however, unless polli- 
nation takes place. 

Phalaenopsis, the moth orchid, a Malasian member of the Sarcanthinae, 
grows as an epiphyte in the rain forests. Like other orchids the fruit is a 
three-valved capsule containing innumerable minute seeds. In the United 
States and Europe it is frequently used as a source of cut flowers, for under 
good growing conditions a plant with 10-12 basal leaves may produce a 
laterally branched inflorescence with as many as 170 flowers. The genus has 
seldom been used as a subject of cytological, morphological, or physiological 
research. Palm (1920) reported that cytokinesis is simultaneous after mei- 
osis in pollen mother cells. Treub (1879) recorded the presence of haus- 
torium-like suspensors in the embryos of Phalaenopsis grandiflora, P. schil- 
leriana, and P. spectabile. In a series of papers beginning with that of Fitt- 
ing (1909) and culminating with that of Laibach and Masehmann (1933) 
Phalaenopsis was one of the orchids in whose pollinia a growth regulatory 
substance was demonstrated and studied. 

Burgeff (1934), using seeds of 11 species and hybrids of Phalaenopsis, 
reported that the great majority of them gave germination percentages of 


‘ 


less than 10 per cent when grown on ‘‘vitamin-free’’ media, while the addi- 
tion of an unidentified vitamin or growth substance isolated from yeast and 
certain soil fungi increased the germination to 90 or 100 per cent. On the 
other hand seeds of Phalaenopsis sanderiana and P. equestris germinated 


100 per cent without an external source of growth substance. 


METHODS AND MATERIALS 
The various individual studies reported herein were made in winter and 


2 Our attention has been called to a recent paper on the effects of synthetic growth 
regulatory compound on the column in bringing about several postfloral phenomena 
(Hubert, B., & Maton, J. 1939. The influence of synthetic growth controlling substances 
and other chemicals on postfloral phenomena in tropical orchids, Biol. Jaarb, 6: 244-285). 
The same authors produced parthenoearpie fruits in a Cymbidium hybrid and in Oncidium 
longipes by the application of pure crystals of naphthaleneacetic acid on the stigmas 
(Parthenocarpie en groeistof. Natuurwetenschap, Tijdschr. 21: 339-348, 1940). These 
fruits reached a considerable size. Unfortunately we have never seen the original papers 


and have only the information derived from abstracts. 
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early spring of subsequent years in the botany greenhouses of the Univer- 
sity of Wisconsin and the conservatory of Dr. C. K. Schubert, both in Madi- 
son, Wisconsin, and in the greenhouses of the Morris Arboretum and the 
Botany Department of the University of Pennsylvania, both in Philadelphia. 

In these studies plants of Phalaenopsis pamala, P. fontainebleau, P. 
aphrodite, and P. schilleriana were used. Of these the latter two are natu- 
rally occurring forms; P. fontainebleau is a hybrid between P. wiganiae (a 
primary hybrid between the species P. schilleriana and P. stuartiana) and 
P. schilleriana. Phalaenopsis pamala is a hybrid between P. fontainebleau 
and P. elizabethiae (a primary hybrid between the species P. amabilis and 
P. rimstadtiana). 

In any one study the amount of pollen applied to an individual stig- 
matic surface was macroscopically similar. It consisted of one or two pol- 
linia, the latter being the probable number in natural pollination since each 
pair of pollinia derived from an anther is connected to an adhesive disc. 
The pollinations were self, close, or reciprocal. Flowers of approximately 
the same age, on various branches of the same inflorescence, were pollinated 
or used as pollen source in close pollinations. In reciprocal pollination the 
particular pollinium or pair of pollinia applied to any one flower was se- 
lected at random from the lot of pollinia derived from the flowers to be pol- 
linated on the other plant. Of the total number to be used for study an 
approximately equal number of flowers on each branch of an inflorescence 
was pollinated. 

The diameter of the developing fruit was measured to 0.1 mm. with ver- 
nier calipers; the length with vernier calipers or a flexible millimeter rule. 
These measurements were made possible, although the ovary is inferior, by 
the fact that immediately below the level of sepal insertion the fused strue- 
ture, representing ovary and receptacle, is lined with six grooves which 
terminate uniformly in the flower and early stages of ovary maturation. 
Freehand sections show that the base of the ovary cavity is closely associ- 
ated with the groove ends. As the development of the ovary proceeds the 
groove lengths of an individual ovary may vary slightly from the bottom to 
the top sides, the top grooves generally being shorter. This difficulty was 
met in different studies either by taking an average of the length of top and 
bottom grooves at each measurement, beginning at the time when the dis- 
crepancy appeared, or by disregarding all but one groove which then be- 
came the index of ovary growth in length. In occasional flowers the associa- 
tion of groove ends with the termination of the ovary swelling is varied by 
the grooves stopping slightly short of the swelling or passing beyond it 
down the pedicel. These variations may be noted on different ovaries of the 
same plant. Such phenomena were disregarded and the groove measure- 
ments were used. Since the ovary tapers from the level of perianth insertion 











170 BULLETIN OF THE TORREY CLUB [VOL 69 


to the pedicel during the earlier stages of development, a slight distance 
above or below the approximate middle will give larger or smaller diameters 
respectively. Small cuticular sears, where the last measurement was made, 
gave reasonable certainty that the diameter measurements were taken at the 
same level. In later studies, ovaries were marked with India ink at the ap- 
proximate center and at both proximal and distal ends. In this way mea- 
surements at the same level were assured each time. 

In preliminary studies a number of flowers were pollinated and, at set 
periods of time, one of the ovaries was measured. The ovary concerned was 
removed, weighed, and fixed in Randolph’s modification of Nawas hin’s 
fixing solution for use in determining the state of ovule developmeut and 
the fruit wall changes. Entering the measurements obtained from subse- 
quent fruits and joining the points of length and of diameter respectively 
resulted in two growth curves. Such curves are open to criticism on the per- 
missibility of connecting points so derived. Such a study, however, was 
necessary to locate the various internal changes with respect to growth 
phases. 

In a second series of studies a number of flowers on a single plant were 
pollinated. The group was sampled by removing at random a fruit for de- 
termination of the state of internal development and for weighing. The 
points of the growth curves for length and diameter were determined by the 
average of a smaller and smaller number of developing ovaries as the study 
progressed. A growth curve erected on such data can be criticized on the 
basis that the larger share of food, available to the remaining young fruits 
after removal of one, might falsify the slope of the curve immediately fol- 
lowing the removal. 

In a third series of studies all the fruits were allowed to develop to ma- 
turity. While these studies did not disclose fruit wall or ovular changes 
they provide a series of continuous measurements of individual fruits free 
from the effect of shifting food supply except as may occur naturally. (The 
illustrations present graphically the development of representative fruits 
from this series of studies. ) 

After the fruits had ripened, examinations were made to determine the 
percentage of seeds containing fully formed embryos. The seeds were usu- 
ally sharply divided into two groups: those containing apparently normal 
embryos and those consisting only of empty seed coats. As a further test, 
samples of seeds from each of the pods were sown on a medium previously 
found suitable for the germination of a variety of orchid seeds (Curtis 
1936), modified by addition of the necessary complement of vitamins. These 
cultures were maintained under constant environmental conditions (tem- 


perature, 30° C.; relative humidity, 80 per cent; light, 20 hours per day at 


, 





— 
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150 f. c.). Germination is reported in the legend of the graphs as percentage 
of seeds which originally contained embryos, disregarding those which were 
empty. 

RESULTS 


Within 24 hours after pollination the petals and sepals are noticeably 
wilted ; within 48 hours the turgidity is lowered to the extent that the vena- 
tion of petals and sepals is distinct. At the close of this period the petals 
have folded forward over the column and the upper sepal has bent forward 
from its former reflexed position. These perianth changes are concomitant 
with growth of the column in width and thickness and with growth of the 
edges of the stigma over the cavity in which the pollinia become imprisoned. 
The columnar growth continues for 9 or 10 days, the major part taking 
place during the first few days. The column remains swollen during much 
of the early period of fruit maturation; later it dries down considerably. 

The first response of the ovary to pollination is a slight increase in its 
curvature immediately below the insertion of the perianth. This curvature 
is soon lost in the general growth of ovary in length and diameter. The ac- 
companying graphs (figs. 1, 2, 3) illustrate the extent and general rate of 
erowth and the fact that the curves for growth in both diameter and length 
are not simple sigmoid ones. Comparison of the growth curves of Phalaenop- 
sis fontainebleau (fig. 1), P. schilleriana (fig. 2), and P. pamala (fig. 3) 
shows the same general configuration to be present although there are minor 
differences in the total extent and the time and duration of the maximum 
rate of growth. Figure 4 shows the relationship which the inerease in fresh 
weight of the ovary of P. fontainebleau bears to the increase in calculated 
volume of the ovary. 

Cross sections of the ovary of the unpollinated flower show the wall, 
slightly triangular in outline, to be made up of six lobes each with a vas- 
cular supply. Three lobes occupy the corners of the triangle. The three 
lving between each pair of these bear the placentae, long ridges inserted 
opposite the vascular supply throughout the length of the ovary. In cross 
section the placentae appear somewhat anchor-shaped and closely fit 
together, leaving little space in the central part of the ovary. 

Within two days after pollination nuclear and cell divisions can be found 
in cells of the inner faces of the three sterile lobes and in the cells consti- 
tuting the margin of the placentae. The cell divisions in the placentae have 
no particular orientation, the result being a general increase in the shoul- 
ders. This building up of the flanges or shoulders leads to an inversion of 
the placental shape from a ridge with reflexed margins to a troughed strue- 
ture with flanges jutting above the attached median portion. The fact that 
the two flanges may reach a greater length than the attached portion eventu- 
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ally leads to undulations of the flanges. The flanges are not necessarily con- 
tinuous along the length of the placentae but may consist of a number of 
flat plate-like structures. 

Nuclear and cell divisions in the cells of the ovary wall layers toward 
the cavity are mainly periclinal, although a few take place along the longi- 
tudinal axis of the ovary. The periclinal division and subsequent periclinal 
erowth of the three or four inner cell rows and the enlargement of the outer 
cell layers allow an increase in the ovary cavity. While it seems probable 
that there would be a number of nuclear and cell divisions taking place 
along the longitudinal axis to provide for growth in length of the ovary, 
aside from the divisions just mentioned and another series involving the 
epidermal and hypodermal cell layers about 2 or 3 weeks after pollination, 
no other areas in which cell divisions were taking place have been noted. 
The cells making up the ovary wall of the unpollinated flower are only 
slightly elongated, the cells of the inner cell layers being less elongated than 
those of the outer. The growth and maturation of cells already present in 
the ovary wall layers account for the growth in length of the ovary and to a 
limited extent for the growth in diameter. 

The pollen germinates within the first four days after being placed on 
the stigma. The tubes grow down the canal of the column until they reach 
the ovary cavity, where the single group of tubes divides into three strands, 
one passing to each of the three placentae. Upon reaching the placenta a 
strand of pollen tubes divides again; each half passes down one side of the 
placenta. Fourteen days after pollination the longest pollen tubes have 
reached the base of the ovary cavity, but the majority are still growing in 
the upper part of the ovary. Two nuclei are present near the tip of the 
pollen tube. While the pollen tubes are growing down along the placentae, 
rows of blunt-tipped glistening hairs arise from the inner ridge of the three 
sterile lobes of the ovary. These hairs increase in length and persist until 
the fruit is mature. Occasionally in certain crosses the pollen does not ger- 
minate or, if it does, the pollen tubes do not penetrate to the ovary cavity. 


Explanation of figures 1-8 


Fics. 1-3. Growth curves of individual fruits of Phalaenopsis. Fie. 1. P. fontaine- 
bleau at the Morris Arboretum. Fie. 2. P. schilleriana at Dr, C, K. Schubert’s conserva 
tory. Fig, 3. P. pamala at the University of Wisconsin. Fie. 4. Curves presenting the 
increase in calculated volume and fresh weight, respectively, of fruits of P. fontainebleau 
at the Morris Arboretum. F1Gs, 5-8, Curves presenting the weekly growth increments of 
individual fruits of Phalaenopsis. Fie. 5. P. pamala at the University of Wisconsin. 
(91.0 per cent seeds possessing embryos; 92.6 per cent germination.) Fic. 6, P. schilleri- 
ana at Dr. C. K. Schubert ’s conservatory. (93.8 per cent possessing embryos; 95.1 per cent 
germination.) Fic. 7, P. fontainebleau at the Morris Arboretum, (88.5 per cent seeds 
possessing embryos.) Fie, 8. P. fontainebleau at Dr. C. K. Schubert’s conservatory. 


(98.0 per cent seeds possessing embryos; 96.2 per cent germination.) 
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In Phalaenopsis pamala at the botany greenhouses of the University of 
Wisconsin the placentae proliferate for 3 or 4 weeks; in P. schilleriana at 
the Morris Arboretum this period lasts over 6 weeks. The final branches in 
either case are small mound-like structures which differentiate during the 
ensuing 10 to 14 days into an axial row of cells surrounded by a sheath of 
cells one row thick. The inner integument appears as a collar-like growth at 
this time and is shortly followed by the initiation of the outer integument. 
As this latter structure develops the ovule becomes anatropous, the funiculus 
being fused to one side of the outer integument. By the time the integu- 
ments have reached the apex of the nucellus, the terminal cell of the axial 
row has enlarged to become the macrospore mother cell. In P. pamala ovules 
in this stage of development are present about 5 weeks after pollination or 
3 weeks after their initiation; in P. schilleriana at the Morris Arboretum 
the periods are 12 and 6 weeks respectively. 

During the course of development of the macrogametophyte the upper 
part of the ovule elongates and the outer integument grows on beyond the 
inner so that there is some space between the micropyles of the two integu- 
ments. Fertilization takes place in P. pamala during the ninth and tenth 
weeks. Since the ovules are not all in exactly the same stage this period is 
not sharply defined. With ovules containing two and three-celled embryos 
may be found a few ovules, at the placental extremities, which are still in 
the macrospore mother cell stages. Capsules of the P. schilleriana series at 
the Morris Arboretum opened in the fifteenth week without any viable 
seeds. Two weeks earlier the ovules had become anatropous, the two integu- 
ments just growing over the apex of the nucellus. 

Shortly after fertilization the pollen tubes disappear. The ovule as a 
whole elongates markedly. The embryo grows for a period of several weeks 
and comes to displace all the tissues of the ovule except the outer integu- 
ment which becomes the sole layer of the seed coat. The embryo of the 
mature seed fills only a portion of the cavity within the seed coat. Sus- 
pensors in P. pamala were not observed to grow out through the micropyle 
into the placenta. The funiculus has no vascular supply. 

At the close of the period of fruit maturation the changes are slow. The 
grooves become deeper; the dark green color fades to gray green; lenticels 
become evident; and there is a decided increase in the amount of cutin. 
About six months after pollination the fruits of P. pamala become slightly 
softer and yellowish. 

Study of ovary wall changes shows that, while there is a period of accel- 
erated growth followed by a period of slower growth for both placental 
depth and wall thickness, the two structures come to occupy a smaller per- 
centage of the diameter of the entire fruit. The ovary cavity inereased rap- 


idly during three periods of ovary development. This increase in ovary 
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cavity is illustrated by figure 4 which shows a divergence between the 
weight and volume of the fruit, this divergence becoming particularly 
noticeable after the eighth week. Phalaenopsis pamala, P. schilleriana, and 
P. fontainebleau all in the conservatory of Dr. Schubert, and P. fontaine- 
bleau in the botany greenhouses of the University of Pennsylvania each had 
approximately the same periodicity of growth as P. pamala in the Wiscon- 
sin botany greenhouses. 

Table 1 summarizes the morphological changes and presents a general 
schedule of fruit development. 


TABLE 1 


Schedule of events in fruit development 


Period of time after 


pollination Morphological and physiological changes 


Perianth wilted; edges of stigmatic cavity enclose pollinia ; 


2 days nuclear and cell divisions in cells of inner parietal layers of 
ovary wall and beginning of such divisions in placentae. 
t days Pollen germinates. 
10 days Columnar growth about finished. 
25 days Placental proliferation decelerating. 
35-40 days Differentiation of ovules. 
55-60 days Maturation of macrogametophytes. 
63-70 days Fertilization; degeneration of pollen tubes. 
180-190 days Fruit matures. 


DISCUSSION 


Inspection of growth curves for both length and diameter shows that 
each is made up of several sigmoid parts. Plotting weekly increments of 
growth against time results in a graph which clearly portrays three phases 
of growth in diameter and one, sometimes two, in length (figs. 5, 6, 7, 8). 
The increment of growth for each week is plotted in terms of percentage of 
the final size reached by that particular fruit. In this way, all graphs are on 
the same scale and are directly comparable with one another. The plotted 
increment points are connected by lines for ease in inspection. In Phalaenop- 
sis pamala (fig. 5) the first and larger phase of growth in length falls be- 
tween the maxima of the first two growth phases in diameter at about the 
time of the minimum rate between the two. In P. schilleriana (fig. 6) the 
first phase of growth in length is bimodal except under unusual conditions. 
possessing two maxima of approximately equal magnitude. The first of the 
two maxima has about the same relationship to growth in diameter as does 
the peak rate of the first phase of growth in length in P. pamala. In P. 
pamala (fig. 5) after growth in length has reached its maximum rate and is 
becoming slower there is a period during the sixth and seventh week of de- 
velopment when the rate of deceleration is halted. This corresponds roughly 
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to the second maximum in the first phase of growth in length in P. schilleri- 
ana (fig. 6). In both forms this main growth phase lasts about 10 weeks. 

In all the forms studied there are at least three periods of accelerated 
growth in diameter (figs. 5, 6, 7, 8). When there is a second phase of elonga- 
tion it is of comparatively small magnitude and is loosely associated with 
the last phase of accelerated growth in diameter. The fact that data from 
cross pollination between different plants of the same hybrid (fig. 5), be- 
tween different hybrids, and between hybrids and species (figs. 6, 7), as well 
as self and close pollinations of hybrids or species, all vielded growth curves 
of the same fundamental type emphasizes that this type of growth is the 
rule, at least in this section of the genus Phalaenopsis, and that there must 
be common morphological and physiological behaviors. The possibility that 
the type of growth found is a response to chance environmental factors is 
ruled out by this common behavior and by the fact that studies of all forms 
except P. aphrodite were made under several greenhouse conditions in the 
same or different years and started at various times of the year. For ex- 
ample, nine studies were made with P. pamala over a period of four years 
in two different greenhouses and with pollination dates varying from Octo- 
ber to March, vet all growth curves are essentially alike. (This does not 
imply that environment will not affect the magnitude or the rate of the 
phases of ovary development; a comparison of figures 7 and 8 does not bear 
out such a conclusion.) The duration of any one experiment (the time re- 
quired for fruit ripening) was approximately six months. The high per- 
centage of seeds set and of seeds which germinated demonstrate that the 
fruits studied were not abnormal. 

In Phalaenopsis, as has been pointed out, the first noticeable changes 
after pollination are wilting of the perianth segments, enclosing of the pol- 
linia by the stigma, an increase of the curvature of the ovary, and length- 
ening and swelling of the ovary. Within two days the cells forming the 
ovary wall layers next the central cavity are dividing. This is long before 
the pollen tubes enter the ovary ; actually these changes take place whether 
or not the pollen germinates. In case the pollen fails to germinate or the 
pollen tubes fail to enter the ovary cavity, the ovary drops off the inflores- 
cence during the ensuing two weeks by means of an abscission layer at the 
base of the pedicel. Thus the presence of the pollinia on the stigma is suffi- 
cient to produce the first three effects and to initiate ovary growth. All these 
changes are probably in response to growth-regulatory substances present 
in the pollinia. The perianth and column changes were the particular object 
of study by Fitting and his coworkers. The wilting of the perianth takes 


place at the time of the initiation of column and ovary growth when there 
is a decided modification of water relations. The initial dose of growth- 


— 
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regulatory substance derived from the pollinia is insufficient, however, to 
prevent fruit drop unless there is some further development. 

This further development is undoubtedly the entrance of pollen tubes 
into the ovary. The increment curves of many individual ovaries show an 
initial lag in growth in length; at the conclusion of this lag there is a sharp 
increase in rate. It is at this time that the pollen tubes enter the ovary 
eavity. Pollen tube growth approximately keeps pace with length growth of 
the ovary. The pollen tubes in the ovary may function by secreting growth- 
regulatory compounds, by providing a tactile stimulus, or by exerting a 
mechanical force by reason of their hydrophilous nature. 

The second period of elongation falls at a time when the embryos are 
growing. Its significance is little understood ; certainly when present it would 
function in stretching the placenta, thus somewhat separating the seeds. 
It could be caused by growth-regulatory substances produced within the 
embryo. These substances may pass through the suspensor which, however, 
has not been observed to grow into the placenta in the forms studied. The 
funiculus is not vascularized but is the alternative route of translocation. 
A mechanical response to the collective size increase of the embryos is another 
possible cause. 

As previously pointed out growth in diameter takes place in at least 
three well defined phases. Within two days after pollination a series of 
nuclear and cell divisions occurs within the inner wall layers of the ovary 
cavity. These divisions are mainly periclinal, few longitudinal. Except for 
another series of divisions occurring within the epidermal and hypodermal 
lavers and scattered divisions in the regions adjoining the vascular bundles, 
all taking place several weeks later, there is no increase in the number of cells 
making up the fruit coat. The enlargement of cells already present must 
cause the major part of the increase in fruit wall thickness. 

A study of changes in the fruit wall shows that this increase takes place 
early and can only partially explain the initial phase of growth in diameter. 
The increase in the diameter of the ovary cavity, however, has at least three 
growth phases exactly corresponding to the gross diameter changes. Since 
the growth of the cells of the inner layers of the ovary is periclinal, the sub- 
stances in the pollinia and produced by the pollen tubes, or produced by the 
pollen tubes alone, probably regulate this growth during the first phase of 
increase in length and diameter respectively. (The dependence of diameter 
increase upon pollen tubes is borne out by zonal growth of the ovary, the 
swelling advancing as the strands of pollen tubes grow downward. ) 

During the first phase of diameter growth placental proliferation eventu- 
ally leads to the initiation of ovule rudiments. While the rate of diameter 
growth is decelerating, increasing numbers of these rudiments are found. 
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At the same time the hairs which serve later as elaters develop from the in- 
nermost cell lavers of the sterile lobes. Although there is no sharp break from 
one morphological stage in the reproductive cycle to the next, macrospo- 
rogenesis is taking place in the greatest number of ovules while the diameter 
growth is at or near a minimum rate. The close of the first phase of growth 
in diameter may rest with disturbed food relations or other changes ocea- 
sioned by the heavier demands of the macrospore mother cells undergoing 
reduction division at that time. During the ensuing phase of growth in di- 
ameter the macrogametophytes develop; at the close of this development the 
ovules elongate slightly before fertilization. Fertilization takes place during 
a second period of minimum rate of growth in diameter. During the next 
few weeks the ovules increase in both dimensions while the embryos are 
growing; at this time the ovary undergoes the third phase of diameter in- 
crease. The pollen tubes disintegrate and disappear shortly after fertiliza- 
tion. It appears probable that the material derived from the pollen tubes 
functions either as a stimulus or as an actual energy source for the third 
increase in diameter of the ovary. The latter interpretation is supported by 
the known high content of pentosan-like hydrophilic colloids in the active 
microgametophyte. 

It is noteworthy that each of the steps in internal development—(1) 
placental proliferation and ovule initiation, (2) maturation of the ovule in 
preparation for fertilization, and (3) seed development (embryo growth )— 
which demand more space are provided for by three cycles of diameter 
growth. At the time of macrosporogenesis and at the time of fertilization the 
rate of diameter growth is slow followed by an increased rate. 

At the time of fertilization a group of sterility factors makes its appear- 
ance. If for genetical or cytological reasons macrosporogenesis fails, no 
macrogametes can be formed and fertilization cannot take place, even 
though the ovules elongate and there is a second phase of growth in diameter. 
A similar result would be obtained if the pollen tubes failed to reach the 
ovules (which is most common), if the act of fertilization itself failed, or if 
the zygotes or young embryos degenerated. (The failure of the Phalaenopsis 
schilleriana series at the Morris Arboretum was caused by some one of this 
group of factors.) No further growth occurs if fertilization does not take 
place ; it follows that the third phase of diameter growth is a response to the 
fertilization stimulus. It seems that if fertilization took place and embryos 
developed to the two- or three-celled state before a degeneration set in that 
a third growth phase would follow. We have no data on this point. 

Since the Phalaenopsis fruit approaches a cylinder in shape, computing 
the volume from length and diameter measurements is feasible. Any error 
involved, such as the slight tapering of the ovary base, would be more or less 


uniform. A growth curve erected (volume ys. time) very nearly approaches 
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—up to the time of embryo development—the logarithmic growth curve. A 
curve (fig. 4) representing increase in fresh weight follows the volume 
increase more closely throughout than it does curves representing either 
growth in length or diameter. The specific gravity decreases as the fruit 
matures, in consequence of the increased amount of air space within it, the 
decrease becoming most noticeable as the macrogametophytes mature. 

The interpretation as presented is an elaboration and refinement of the 


se 


ideas expressed by Criiger (1851) when he pointed out the ‘‘dynamic’’ effect 
of pollination in addition to the necessity of pollination prior to fertiliza- 
tion, and by Hildebrand (1863) when he demonstrated the ‘‘twofold’’ effect 
of pollination. While Brown (1831), Criiger, Hildebrand, and Guignard 
(1886) all commented on this dynamic effect of pollination, which is so obvi- 
ous in the orchids since it precedes fertilization by a long period of time, and 
while the latter two knew that the ovary was not ready for fertilization at 
the time of pollination, they made no correlations between internal develop- 
ment and the various growth phases. Table 2, presenting the sequence of 


TABLE 2 


Summary of fruit changes and their possible causes 


Cause Result Comment 
1. Pollination effect. 1. Perianth wilting. The growth initiated is closely 
2. Inerease in ovary curva associated with following phases. 
ture. Can only be dissociated in incom 


2. Effeet 


of 


3. Initiation of nuclear 
and eell divisions in 
inner parietal layers of 
ovary. 

4. Initiation of growth in 

both length and diame 

ter. 


entrance 1. Prevention of fruit drop. 


of pollen tubes into 


ovary. 


2. Grand phases of growth 
in both length and di 
ameter, 


3. (Cause not clear) l. A second phase of 


growth in diameter. 


4. Fertilization effect. 1. A third phase of diame 


ter growth and at times 
a second in length. 


patible crosses, Its effect can be 
duplicated by the application of 
growth regulatory substances to 
the stigma. 


Fruit set placed here because 
flowers in incompatible crosses, 
even though pollen germinates, 
fall off the inflorescence sooner 
than unpollinated flowers of same 
age, 

At time of placental prolifera 
tion. Culminates in initiation of 
ovule rudiments with respect to 
diameter growth. 


At time of macrogametophyte 
maturation, Cannot be dissociated 
experimentally from preceding 
growth phase in diameter. Cause 
may lie in ovary itself. 


Not present if fertilization 
fails, A group of sterility fae 
tors separates this from preced 
ing growth phases. Seed develop- 
ment at this time, 
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growth in relation to causality and to morphological changes, is self-ex- 
planatory. 

Kigure 9, a generalized curve of the increments of growth in diameter, 
shows a possible analysis into three component curves. Another component, 
the growth caused by the presence of pollen alone, which would occur at the 
beginning, is not separated from the first phase of growth because there is no 
method of judging from incompatible crosses the total extent of this effect. 
The general appearance of each segment is that of a normal distribution 
curve and may be so considered for the rate of the process concerned (ovule 


rudiment formation, macrogametophyte maturation, or embryo develop- 


OVULE RUDIMENT 
FORMATION 


MACROGAMETOPHYTE 
MATURATION 


EMBRYO DEVELOPMENT 


IN DIAMETER 


MAXINUM RATE OF 
MACROSPOROGENESIS 


MAXIMUM RATE OF 
FERTILIZATION 


RATE OF GROWTH 


TIME 


Fig. 9. Generalized curve based on weekly increments of growth in diameter of fruits 
of Phalae nopsis. 


ment) with the exception that the first is incorrect in time of initiation 
since the pollen effect is not segregated from it. 

The results, now being prepared for publication, of similar investigations 
on numerous tropical orchids show highly comparable sequences of events. 
It is not thought, however, that all, or perhaps any, temperate orchids will do 
likewise. In such forms as Orchis (Hildebrand 1863) the ovary is farther 
advanced at time of pollination in that ovule rudiments are present. The 
recognition of similar growth cycles in the four genera of the Cypripedilineae 
may be more difficult in that ovule rudiments are present and in that the 
fairly large ovary cavity, present at time of pollination, allows space for 
considerable internal development without external manifestations. 
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Examination of data gathered by other workers on fruit development in 
forms not members of the Orchidaceae almost universally shows a break in 
the growth curve. Such breaks have been interpreted in three ways. First, 
they have been ignored and an exponential growth curve has been erected ; 
second, they have been interpreted as an indication that at such a time 
individual parts of the ovary were growing at slightly different rates ; third, 
they have been considered to indicate a fundamental physiological change. 
The present study goes beyond the last view in suggesting that there is a 
close correlation in the orchids between the growth rate as measured 
externally and the internal state of development. 

Lilleland (1931) found a retarded period separating two periods of rapid 
growth in diameter of the pericarp of the apricot. This is considered charac- 
teristic of drupaceous fruits. Since pomes lack this retarded period, its cause 
has been ascribed to competition for food substances by the fleshy and stony 
layers of the pericarp. Tukey’s (1933) graphs of the development of the 
cherry fruit show a deceleration of the rate of pericarp growth at the time 
endosperm and embryo are initiating their grand phase of development. 
However, it is highly improbable, because of the relative immaturity of the 
Phalaenopsis ovary at the time of pollination, that any close comparison can 
be drawn between fruit development in other Angiosperms in which it is well 
known and Phalaenopsis. Even in such genera as Alnus (Wolpert 1910), in 
which a period of three or four weeks elapses between pollination and fertili- 
zation, ovules, although not ready for fertilization, are present in some stage 
of development at the time of pollination. Furthermore the embyo sac reaches 
maturity even though the flower remains unpollinated. In general Phalaenop- 
sis and other Angiosperms have pollination and fertilization effects in com- 
mon, but the growth phases in Phalaenopsis lying between pollination and 
fertilization and having to do with placental proliferation, ovule initiation, 
and ovule maturation would probably come prior to the growth phase 
initiated by pollination in the ordinary Angiosperm. To state the assumption 
in another way: a pollination effect followed immediately by and perhaps 
indistinguishably united with a fertilization effect would be found in those 
Angiosperms which possess mature or nearly mature ovules at the time of 
pollination. 

Strictly comparable studies on the growth phases of the ovaries of other 
Angiosperms are lacking. Likewise it remains to be seen how universal is this 
type of ovary development in the orchids. The appearance of mature ovules 
in Phalaenopsis long after pollination offers novel opportunities for experi- 
mental manipulations (including injection with various substances) at 
various critical points of its development as can be determined from the 
configuration of the growth curve. 
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SUMMARY 


The ovary of Phalaenopsis has intermittent development. 

The presence of the pollinia on the stigma brings about: (1) wilting of 
the perinath; (2) an initiation of column growth so that the pollinia are 
enclosed by the edges of the stigmatic cavity; (3) a change in the curvature 
of the ovary; (4) the initiation of nuclear and cell division in the cells in the 
inner layer of the ovary wall and in the cells of the placentae; and (5) the 
initiation of growth in both length and diameter. 

Fruit set is determined by the entrance of the pollen tubes into the ovary 
cavity. At the same time added impetus is given to growth in length and 
diameter. 

Ovary development is marked by three well defined phases of growth in 
diameter and two in length. The phases of growth in diameter coincide with 
morphological changes within the ovary, namely: (1) placental proliferation 
and ovule initiation, (2) preparation of the ovule for fertilization, and (3) 
embryo growth. The first of the phases of length growth closes at the time 
of fertilization; the second takes place at the time seeds are maturing. 
Critical points such as macrosporogenesis and fertilization take place while 
growth in diameter is near a minimum. 

Incompatibility factors are expressed at the close of pollination effects. 
A type of sterility resulting in premature ripening of the fruit and following 
failure in macrosporogenesis or of the pollen tubes to reach the ovules was 
likewise found. 


DEPARTMENT OF BOTANY, UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 
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VITAMIN DEFICIENCIES OF CERATOSTOMELLA 
WILLIAM J. RoBBINS AND RoBERTA MA’ 


It is now well established that the growth of many fungi is limited by 
their inability to make adequate quantities of one or more vitamins or 
vitamin-like growth substances. Besides being heterotrophic in relation to 
carbon these organisms exhibit various degrees of heterotrophy for growth 
substances. Such fungi do not grow or grow poorly in a solution of pure 
sugar, minerals, and asparagine, but they develop satisfactorily on the addi- 
tion to this medium of various substances of natural origin, or of one or more 
chemically pure vitamins. Some of these fungi suffer from complete or major 
vitamin deficiencies,’ that is, they make no growth unless the needed vita- 
mins are supplied; others suffer from minor or partial deficiencies, that is, 
they grow slowly in the absence of the vitamin, but grow much more rapidly 
if some of the vitamin is present in the medium. Some fungi have a single 
(partial or complete) deficiency, but others may be afflicted with two or 
more 

The genus Ceratostomella is particularly interesting because it illustrates 
all of the generalities expressed above when the relation of some of its species 
to thiamine (vitamin B,), pyridoxine (vitamin B,), and biotin (vitamin H) 
is studied. 

The genus Ceratostomella includes the causal organism of the Dutch elm 
(lisease, the cause of a serious disease of the London plane tree, and some 
fungi responsible for cliseases of a variety ot forest trees. Some species are 
known as the blue-stain fungi. 

Through the courtesy of Dr. Carl Hartley and Dr. Caroline T. Rumbold 
we received cultures of the following species or strains of Ceratostomella. 

C. ips Rumbold No. 255 associated with Ips avulsus in Pinus echinata 

and collected near Asheville, North Carolina (6, 7). 
(. ips Rumbold No. 438 A associated with Ips integer in Pinus ponderosa 


and collected near Sisters, Oregon (6, 7). 


C. pint Munch No. 512 associated with Dendroctonus fontalis in Pinus 
echinata and collected near Heleyvville, Alabama (6, 7). 


* The material contained in this paper was presented at the meetings of the National 
Academy of Sciences on October 13, 1941, at Madison, Wisconsin, 

Publication of the tables was assisted by the Lucien M. Underwood Memorial Fund. 

1 Two classes of vitamin deficiencies should be distinguished. One is physiological, an 
inability of the organism to synthesize a particular vitamin from simple foods and 
nutrients, for example, from sugar, minerals, and a source of nitrogen; the other is a 
vitamin deficiency in the food. Only those organisms which are physiologically deficient 
can suffer from a vitamin deficiency in the food. Schopfer has used the somewhat awkward 
term auxoheterotrophie to describe organisms physiologically deficient for one or more 
vitamins, and auxoautotrophie for those which are not deficient. It is the physiological 


deficiencies which chiefly concern us in this paper. 
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C. pint Munch No. 416 associated with Dendroctonus breviconus in Pinus 
ponderosa and collected near Sisters, Oregon (6, 7). 


(. piceaperda Rumbold No. 240 associated with Dendroctonus piceaperda 
in Picea glauca and collected in Nova Scotia (7). 

(. pseudotsugae Rumbold No. 436 associated with Dendroctonus pseudot- 
sugae in Douglas fir and collected near Metaline Falls, Washing- 
ton (7). 


C. montium Rumbold No. 424 associated with Dendroctonus monticolae 
in Pinus monticola and collected near Metaline Falls, Washington (8). 


Included in the study reported here were cultures of C. ulmi and of a 
Ceratostomella isolated from the London plane tree obtained through the 
kindness of Dr. James M. Walter, and a culture of C. fimbriata isolated from 
sweet potato and supplied by Dr. L.-L. Harter. 


METHODS AND MATERIALS 


The organisms were grown in pure culture in 125 ml. Erlenmeyer flasks 
containing 25 ml. quantities of a basal solution, solution 1, composed per 
liter of 50 g. dextrose, 1.5 g. KH.PO,, 0.5 g. MgSO, -7H.O, and 2 g. aspara- 
vine. To this solution the following trace elements in p.p.m. were added: 
0.005 B, 0.02 Cu, 0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. The dex- 
trose was Corn Products C.P. The asparagine was purified by treatment 
with Norit A and recrystallization from redistilled alcohol. All other chemi- 
cals were of chemically pure grade. 

Merck’s synthetic thiamine and pyridoxine were used ; pure biotin methyl] 
ester was obtained through the courtesy of Dr. Vincent du Vigneaud and a 
preparation from the SMA corporation was also used. Other vitamins or 
special chemicals employed are mentioned later in the text. 

The fungi were grown also on agar slants in test tubes, each containing 
approximately 8 ml. of medium. The basal medium in these cultures con- 
sisted of solution 1 plus the mineral supplements solidified with 1.5 per cent 
Difco agar or 1.5 per cent agar which had been purified by extraction with 
aqueous pyridine and alcohol as previously described (5). 

Pyrex glass thoroughly cleaned with a chromic—sulfuric acid mixture and 
washed with tap and distilled water was used throughout the experiments. 
The media were sterilized in an autoclave for 20 minutes at 15 lbs. pressure. 


EXPERIMENTS 


Response to Peptone. The Ceratostomellas grow readily on media sup- 
plemented with extracts of various natural products, for example, on malt 
agar, on agar containing an infusion of tree bark or on a thiamine-peptone 
agar (4). Preliminary investigation demonstrated that most of the 10 species 
or strains grew very poorly, or not at all, in a solution of dextrose, minerals, 
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asparagine, and thiamine, but grew quite well in the same medium contain- 
ing peptone. This is illustrated in table 1. In the experiment summarized 


TABLE 1. Average dry weight in mg. of duplicate cultures of the Ceratostomellas indi 
cated in a mineral-dextrose solution containing asparagine and thiamine, and in 
the same solution plus peptone 


Temperature 26° C., time of growth in each passage 15 days. 
| g £ : 


| 
: | 
> R > 
Additions to 25 ml. of solution 1 > bs ~ 4 | a - 
S r = > ~ x | = = 
StS ale aeperars 
SsSis{[sils{[sf[sisls 
No No. No. No. No No No 
240 255 $16 424 136 138 512 
10 u g. thiamine first passage 1.8 0.2 | 11.3 0.2 | 57.9 2.4 1.6 0.1 
10 ug. thiamine and 25 mg. pep 
tone Ist passage 14.5 A | 52.7 14.4 76.4 39.4 38.2 16.9 
10 ug. thiamine 2nd passage 0.3 0.0 0.9 0.0 | 52.6 1.8 1.9 0.0 
lO ug.thiamine and 25 mg. pep 
tone 2nd passage $5.6 25.4 52.5 13.3 66.9 39.4 38.4 18.5 


there, duplicate cultures, each containing 25 ml. of solution 1 plus 10 pg. of 
thiamine or plus 10 yg. of thiamine and 25 mg. of neo-peptone, were inocu- 
lated from stock cultures grown on a thiamine-peptone agar. After 8 days 
growth at 26° C. sub-cultures were made into corresponding solutions for a 
second passage. Dry weights for both passages were determined after 15 
days growth. C. pseudotsugae made considerable growth in the basal solu- 
tion containing thiamine, but its growth was decidedly improved by the 
addition of peptone. The growth of the other 7 strains or species in the basal 
solution plus thiamine was limited to a milligram or two and was increased 
many times by the addition of peptone. It appeared, therefore, that peptone 
supplied these species of Ceratostomella with something necessary for 
growth which was not present in solution 1 plus thiamine. 

Response to Thiamine, Pyridoxine, and Biotin. Further investigation 
in which 11 vitamins* and a number of amino acids were used, in various 
combinations, indicated that deficiencies of thiamine, pyridoxine, and biotin 
were primarily concerned in determining the growth of the Ceratostomellas 
studied. 

The response of these fungi to the three vitamins was determined by 
growing each organism in 25 ml. of the basal solution and in the same 
medium plus biotin, thiamine, pyridoxine, biotin and thiamine, biotin and 
pyridoxine, pyridoxine and thiamine, or all three vitamins. The quantity of 


2 See footnote 3. 
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these vitamins used per flask was 0.1 yg. of biotin, 10 my moles of thiamine, 
and 50 my moles of pyridoxine. Each organism was grown also in the basal 
solution plus 0.3 g. of malt extract per flask. The experiment was performed 
in triplicate. The liquid cultures were inoculated from stock eultures on 
thiamine-peptone agar and incubated at 20° C. in the dark. Dry weights 
were determined after various periods of time, depending upon the rapidity 
of growth, as follows: 

C. pseudotsugae No. 436, C. ips No. 438, after 8 days; C. piceaperda No. 
240, C. ips No. 255, C. pint No. 416, C. montium No. 424, after 12 days; C. 
pint No. 512, after 14 days; C. ulmi, C. fimbriata, and the Ceratostomella 


from the London plane, after 20 days (table 2). 


TABLE 2. 


indicated in a basal mineral-dextrose solution containing asparagine 


Average dry weight uw nig. of triplicate cultures oT the Ce ratostomellas 


to which thiamine, pyridoxine, and biotin were added 


alone or in combination 


Temperature of incubation 20° C. Time of growth ranged from 8 to 20 days; 
for details. First passage. Compare with table 3. 


see text 


) 
biotin, 


) 
ine 


and 





and thia 


of solu 








tion 1 
pyridoxine 
thiamine 
thiamine 
mine 





0.3 g. malt extract 


0.1 wg. biotin 
10 mia moles 
pyridoxine 


Additions to 2: 





biotin 


7 

C. pse udo 

fsugae > 

No. 436 6.2 6.5 5.2 51.4 6.7 66.6 51.6 416.5 92.2 
C. tps, 

No. 438 4.5 ).4 0.1 1.0 25.2 0.3 18.4 39.9 92.4 
C. picea 

pe rda, 

No. 240 0.2 2.8 3.3 0.2 8.2 17.6 16.9 27.5 48.4 
C. ips, 

No. 255 no no no no 1.9 0.1 0.1 52.6 51.5 

growth growth growth growth 

( -pini, 

No. 416 0.2 2.2 0.1 0.1 1.2 0.1 35.6 34.9 32.0 
C. montinum, 

No. 424 0.1 0.8 1.4 0.1 10.7 32 3.3 33.2 50.1 
C. pini, 

No. 512 1.3 1.2 0.1] 0.3 0.9 0.2 37.7 $1.7 57.4 
C. ulmi no no 25.1 no 24.0 25.2 no 25.2 119.7 
growth growth growth growth 
C. fimbriata 2.1 $5 0.1 39.4 0.6 60.6 59.9 103.6 91.6 

C.from Lon 
don plane 0.1 no no 1.5 1.4 32.0 18.5 26.0 54.2 


growth 


growth 


Sub-cultures from the growth in the first passage in liquid cultures were 


made into similar solutions for a second passage. This was in order to de- 
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crease the effect of whatever vitamins might have been present in the orig- 
inal inoculum which came from cultures grown on thiamine-peptone agar. 

Each organism in the second passage (table 3) was grown also in the 
basal solution plus 11 vitamins and 21 amino acids* and in the basal solution 
plus 50 my moles of pyridoxine, 10 my moles of thiamine, and 19 mg. of 
neo-peptone per flask. For inoculating these cultures transfers from growth 
in the first passage in the basal solution was used for No. 436, No. 438, No. 
424, No. 512, and C. fimbriata, from the basal solution supplemented with 
biotin for No. 240, No. 416, and C. ulmi, and from the basal solution supple- 
mented with pyridoxine and thiamine for No. 255 and the Ceratostomella 
from the London plane. 

Dry weights for the second passage (table 3) were determined after the 
same time intervals as in the first passage except for C. ulmi, C. fimbriata, 
and the Ceratostomella from the London plane, which were grown for 18 
days only. 

In addition the 10 organisms were grown in triplicate in test tubes on 
agar slants containing the basal solution solidified with 1.5 per cent purified 
agar and in the same medium plus per tube the same quantities and combi- 
nations of thiamine, pyridoxine, and biotin used in the liquid cultures. The 
cultures were incubated in the dark at 20° C. After 11 days sub-cultures 
were made to corresponding media. The results in the second passage on 
agar did not differ significantly from those observed in the first passage. 

The results on the agar cultures and in the liquid media were as follows: 

C. ips, No. 438, did not grow on the basal medium solidified with 1.5 per 
cent purified agar. The addition of thiamine or pyridoxine alone or together 
was of no benefit. The addition of biotin, biotin and thiamine, biotin and 
pyridoxine or of biotin, pyridoxine, and thiamine permitted good growth 
(fig. 1). It appeared from these results that C. ips No. 438 suffered from a 
complete or nearly complete biotin deficiency. 

This conclusion was confirmed by experiments in liquid culture, which 
showed in addition that partial deficiencies for pyridoxine and thiamine 
probably exist for this organism. Very little growth occurred in the basal 
solution (tables 2, 3). The addition of biotin increased the growth several 
times. The quantity of pyridoxine and of thiamine used appeared to be some- 
what injurious, for less dry matter was obtained in the cultures supple- 


The following amino acids were added in wg. per flask: d arginine 10, dl alanine 3, 
| aspartic acid 10, d glutamine 22, glycine 3, § alanine 80, | leucine 16, dl lycine HCL 32, 
dl norleucine 16, serine 16, dl theonine 16, dl valine 16, d cysteine HCI 16, | histidine HC! 
32, | hydroxyproline 16, dl methionine 16, dl phenylalanine 16, | proline 16, 1 tryptophane 


32, tyrosine 8, thyroxine 8. 
The following vitamins were added per flask: ascorbie acid 12 yg., pimelie acid 6 ug., 


para-amino-benzoic acid 6 yg., vitamin K, 6 wg., calcium pantothenate 6 yg., lactoflavin 10 
mu moles, nicotinamide 10 mu moles, m-inositol 1 mg., pyridoxine 50 mu moles, thiamine 
20 mu moles, biotin 0.1 ng. 
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mented with thiamine or pyridoxine than in the basal solution. Pyridoxine 
and biotin together or thiamine and biotin together were 3 to 5 times as 
effective as biotin alone while the best growth was obtained with all three 
vitamins present in the medium. Growth in the media containing biotin was 
distinctly better in the second passage than in the first. 

C. ulmi grew on the agar medium satisfactorily only in those tubes which 
contained pyridoxine. On the basal medium or on the basal medium con- 
taining thiamine or biotin, or a combination of the two, the development was 
slight (fig. 1). C. ulmi apparently has a complete pyridoxine deficiency. 

These observations were supported by the results in liquid culture 


9 


TABLE 3. Average dry weight in mg. of triplicate cultures of the Ceratostomellas 
indicated in a basal mineral-dextrose solution containing asparagine 
to which thiamine, pyridoxine, and biotin were added 
alone or in combination 


Temperature of incubation 20° C. Time of growth ranged from 8 to 18 days; see text 
for details. Second passage. Compare with table 2. See footnote No. 3 for the 11 vitamins 
and 21 amino acids used. 





J 


5 ml. 


icids 






FE =. = -2- 
nm so) z & A = = & 
> = |egle./2 | &,| 2 | se] 82| 58 
23 S |se|sei2_ | 22] 2 | Bs | 28) 85 
s3 S | 8s | be les] ee | & | SS | bel ae 
tg . = =e = so | es = iy we DES 
=‘ S beng Ra | & ts] &S = Sa | on | te 
=< 7 = Ye a = = = 2 is = 
Cc. pse udo 

tsugae, 

No. 436 5.1 4.5 10.3 69.9 12.6 64.5 78.5 73.7 8Y.4 85.4 
Cc. ips, 

No. 438 27 16.9 1.0 0.8 65.0 2.2 68.6 7783 | 763 | 3D 
C. pieea 

perda, 

No. 240 0.7 1.4 13.5 0.5 16.0 26.9 18.3 43.8 59.8 61.0 
C. ips, 

No. 255 no no no no 1.3 no no 55.8 | 49.2 44.4 

growth growth |growth growth growth growth 

c. pint, | 

No. 416 0.3 12 no no 1.0 no 57.7 60.9 | 57.6 46.4 

growth growth growth 

C. monti 

num, 

No. 424 0.3 3.5 0.6 0.5 3.4 2.3 0.2 48.1 | 55.1 44.1 
C. pin, 

No. 512 0.1 0.6 0.4 0.4 0.8 0.1 34.2 39.2 | 64.8 40.8 
C. ulmi no no 36.8 no 30.7 28.8 no 29.4 | 42.3 56.9 

growth growth growth growth 

C. fimbri 

ata 0.7 0.7 0.5 95.9 0.7 131.4 130.8 | 127.8 | 62.7 65.6 


C. from 
London 
plane 0.3 0.1 0.2 14.6 0.1 34.9 37.9 40.2 | 44.2 68.2 
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(tables 2,3). C. ulmi did not grow in the basal medium and the addition of 


thiamine or of biotin, alone or together, had no effect. The growth with 





Fig. 1. Growth of various species of Ceratostomella on a basal mineral—dextrose 


medium containing asparagine and 1.5 per cent purified agar supplemented as follows: 


) 


(1) no addition; (2) biotin; (3) pyridoxine; (4) thiamine; (5) biotin and pyridoxine; 
(6) pyridoxine and thiamine; (7) thiamine and biotin; (8) pyridoxine, thiamine, and 
biotin. A, C. ips No. 438; B, C. ulmi; C, C. fimbriata. Age of eultures 26 days. 


pyridoxine, pyridoxine and thiamine, pyridoxine and biotin, and with all 
three vitamins was approximately the same, indicating under these condi- 
tions no partial deficiencies for biotin or thiamine. 
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Attempts to substitute nicotinamide, calcium pantothenate, m-inositol, 
or para-amino benzoic acid for pyridoxine were unsuccessful. 

C. fimbriata grew very little in the basal agar medium and the addition 
of pyridoxine or of biotin alone and together had little effect. When thia- 
mine was added growth was quite satisfactory (fig. 1); more rapid develop- 
ment occurred in those media supplemented with thiamine and pyridoxine, 
thiamine and biotin, or with the three vitamins. C. fimbriata appeared to 
have a complete deficiency for thiamine, and partial deficiencies for pyri- 
doxine and biotin. 

These conclusions were confirmed by the liquid cultures (tables 2, 3). 
Little growth was obtained in the basal medium or in the basal medium 
plus biotin or pyridoxine singly or together. Good growth was obtained on 
the addition of thiamine and was increased when thiamine and pyridoxine 
or thiamine and biotin were used as supplements. The best growth was 
obtained when all three vitamins were present. 

The Ceratostomella from the London plane tree resembled C. fimbriata 
in its vitamin deficiencies. It grew less rapidly and may suffer from more 
marked pyridoxine and biotin deficiencies than C. fimbriata (tables 2, 3). 

C. piceaperda, No. 240, grew slowly on the basal agar medium. Little 
growth was visible after 5 days. After 7 days colonies 2-5 mm. in diameter 
had developed and after 10 days the colonies averaged 12 mm. in diameter. 
The addition of thiamine to the basal medium had some, though little, bene- 
ficial effect on the early growth, but the addition of biotin or pyridoxine 
materially inereased the rapidity of growth (fig. 2). The tubes containing 
biotin or pyridoxine after 5 days had colonies from 33 to 50 mm. in diameter 
and after 10 days the agar slopes were entirely covered with mycelium. 
The most rapid growth occurred in the tubes containing all three vitamins. 
The cultures on agar indicated that C. piceaperda suffers from partial 
deficiencies for biotin and pyridoxine. When these deficiencies were satisfied 
the addition of thiamine had a further beneficial effect. 

C. piceaperda grew very little in the basal solution and the addition of 
thiamine had little effect (tables 2, 3). Biotin increased growth somewhat 
but pyridoxine had a much greater effect. Pyridoxine and biotin together 
were about as effective as pyridoxine alone and about equal to the mixture 
of biotin and thiamine. Pyridoxine and thiamine together were still more 
effective and the three vitamins combined were most effective. These com- 
ments are based on the results of the second passage (table 3). 

C. piceaperda grew on the basal agar medium and acted as though it 
suffered chiefly from partial biotin and pyridoxine deficiencies. In liquid 
culture it grew little or not at all in the basal medium and appeared to 
have a complete deficiency for biotin and pyridoxine and a partial thiamine 
deficiency. The apparent differences between the growth of C. piceaperda 
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on agar and in liquid culture may be the result of more rapid development 
on agar. It was noted that the relative growth in the second passage in the 
liquid cultures at the end of 12 days was much the same as that observed 
on agar at the end of 6 days. 

C. pseudotsugae, No. 436, grew slowly on the basal agar medium. At the 
end of 5 days this fungus had developed colonies 19 mm. in diameter and 
after 12 days the colonies were 39 mm. in diameter. The addition of biotin 
did not increase the rapidity of growth but pyridoxine had some beneficial 
effect and thiamine was distinctly beneficial. The combination of biotin and 
pyridoxine was more beneficial than pyridoxine alone. Good growth was 
obtained also on the media containing pyridoxine and thiamine, biotin and 
thiamine, or all three vitamins (fig. 2). C. pseudotsugae seemed to have par- 
tial deficiencies for thiamine and pyridoxine. 

In the first passage in liquid culture there was no evidence for a pyri- 
doxine deficiency, but in the second passage partial deficiencies for thiamine 
and pyridoxine were indicated by the increased growth obtained when these 
vitamins were supplied (table 3). 

C. pini, No. 512, did not grow on the basal agar medium and the addition 
of biotin, of pyridoxine, of thiamine, of biotin and pyridoxine together, or 
of pyridoxine and thiamine together had little or no effect (fig. 2). The 
addition of biotin and thiamine or of all three vitamins permitted good 
growth. From these results it appeared that this fungus suffers from com- 
plete biotin and thiamine deficiencies. 

The liquid cultures confirmed this assumption. Little growth was ob- 
tained in any of the solutions except those supplemented with both biotin 
and thiamine or all three vitamins. The somewhat greater growth obtained 
when all three vitamins were present suggests that there may be also a partial 
pyridoxine deficiency (table 3). 

C. pint, No. 416, responded much as did the isolation of the same species 
from Pinus echinata. It grew somewhat more rapidly and differed somewhat 
in gross morphology (tables 2, 3). 

C. ips, No. 255, did not grow on the basal agar medium. The addition of 
biotin produced a small amount of growth but thiamine or pyridoxine was 
entirely ineffective. When the vitamins were added to the basal medium in 
pairs thiamine and pyridoxine were entirely ineffective and the growth with 
biotin and thiamine or with biotin and pyridoxine was about the same as 





Explanation of figure 2 

Fig. 2. Growth of various species of Ceratostomella on a basal mineral—dextrose 
medium containing asparagine and 1.5 per cent purified agar supplemented as follows: (1) 
no addition; (2) biotin; (3) pyridoxine; (4) thiamine; (5) biotin and pyridoxine; (6) 
pyridoxine and thiamine; (7) thiamine and biotin; (8) pyridoxine, thiamine, and biotin. 
A, C. piceaperda, No. 240; B, C. pseudotsugae, No. 436; C, C. pini No. 512; D, C. ips No. 


255. Age of C. pseudotsugae 12 days; others, 26 days. 
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with biotin alone. When all three vitamins were added the growth was quite ) 
satisfactory. C. ips, No. 255, appeared to have complete or nearly complete 
deficiencies for biotin, thiamine, and pyridoxine, and in order to obtain 
good growth all three vitamins had to be added to the medium (fig. 2). 

These results were essentially duplicated in the liquid cultures (tables 
2, 3). In the second passage 55.8 mg. of mycelium were produced in the 
presence of all three vitamins while the maximum obtained with any single 
one or combination of two was 1.3 mg. 

It is interesting to contrast this strain of (. ips with No. 488 which 
showed a single major deficiency—one for biotin. 

C’. montium, No. 424, closely resembled C. ips, No. 255, in its vitamin 
needs on the agar media. It appeared to have complete or nearly complete 
deficiencies for all three vitamins. This was true also for the liquid cultures 
(tables 2, 3). Little growth occurred in the basal solution, biotin improved 
the situation a little, but the growth was insignificant until all three vita- 
mins were added. 

The results given above indicate that these 10 fungi, all belonging to the 
venus Ceratostomella, have 7 distinct combinations of vitamin deficiencies 
under the conditions of our experiments. These may be tabulated as follows: 

TABLE 4. Vitamin deficiencies of 10 species or strains of Ceratostomella 


Note that the 10 fungi show 7 different types of deficiencies for the 3 vitamins. 
For C. piceaperda the partial deficiencies for biotin and pyridoxine are the more marked. 


Deficieney for 
Fungus 


Biotin Pyridoxine Thiamine 
C. ips No. 438 complete partial partial 
Co ulmi none complete none 
C. fimbriata partial partial complete 
C. from London plane partial partial complete 
C. piceaperda No, 240 partial partial partial 
C. pseudotsugae No. 436 none partial partial 
C. pini No. 512 complete partial complete 
C. pini No. 416 complete partial? complete 
Cc. ips No. 255 complete complete complete 
C. montium No. 424 complete nearly complete nearly complete 


Synthesis of Vitamins by Ceratostomella. All the available evidence 
indicates that each living organism requires many vitamins. An organism 
which shows a deficiency for one is capable of synthesizing the others from 
the more elementary foods and nutrients, for example, from sugar, minerals, 
and a nitrogen source. It seemed worth while to test this assumption for 
the organisms and the vitamins concerned in this study. 

(. fimbriata grew in a medium supplemented with thiamine. Is it capable 
of making biotin and pyridoxine from sugar, minerals, and asparagine (and 
thiamine) ? The vitamin deficiency for C. ulmi is pyridoxine. Can it synthe- 
size thiamine and biotin? 
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The procedure in answering these questions for C. fimbriata was as 
follows: 

C. fimbriata was grown in 25 ml. quantities of the basal solution plus 
10 mu moles of thiamine per flask. At the end of 9 days and without the 
removal of the mycelium sufficient purified agar was added to each flask to 
make a 1.5 per cent solution and the solution was sterilized. The agar medium 
in some flasks was inoculated with C. ulmi, in others with C. ips No. 438, 
and in others with C. montium No. 424. Since the original medium contained 
thiamine but no pyridoxine, growth of C. ulmi would show that C. fimbriata 
had synthesized pyridoxine. Similarly growth of C. ips No. 4388 would show 
that C. fimbriata had made biotin. C. montium No. 424 has complete defi- 
ciencies for all three vitamins and its growth on a medium to which thiamine 
only had been originally added would demonstrate that C. fimbriata had syn- 
thesized both pyridoxine and biotin. The results showed clearly the synthesis 
of pyridoxine and biotin by C. fimbriata from sugar, minerals, and aspara- 
gine (and thiamine) (fig. 3). By an analogous procedure the synthesis of 
vitamins by other species of Ceratostomella was determined as shown in 


the following table. All tests were positive. 
TABLE 5. Various species or strains of Ceratostomella tested for synthesis 
of vitamins 
The vitamins tested for and the organisms used in the bio-assay are given. The 
results of all tests were positive. 


Fungus and culture Tested Tested 
solution tested for with 
C. fimbriata grown in soln. 1 pyridoxine C. ulmi 
plus thiamine biotin C.ips No. 438 
pyridoxine and biotin C. montium No, 424 
Ceratostomella from London pyridoxine C. ulmi 
plane grown in soln. 1 plus biotin C.ips No. 438 
thiamine pyridoxine and biotin C. montium No. 424 
C. ulmi grown in soln. 1 plus biotin C. ips No. 438 


pyridoxine 


C. ips No. 438 grown in soln. 1 


plus biotin 


C. pint No. 512 grown in soln. 
| plus biotin and thiamine 


C. pint No. 416 grown in soln. 
1 plus biotin and thiamine 


Other Vitamin Deficiencies. 


thiamine 

biotin and 
pyridoxine 
thiamine 

pyridoxine 
pyridoxine 
pyridoxine 
pyridoxine 


thiamine 


C. fimbriata 
C. montium No. 


C. ulmi 
C. fimbriata 


C. ulmi 
C. montium No. 


C. ulmi 
C. montium No. 


$24 


424 


424 


It is possible to grow any of the 10 fungi 


studied in a basal medium supplemented with thiamine, pyridoxine and 
biotin. Do these three vitamins satisfy all the vitamin deficiencies of all these 
organisms? It is probable that they do not. It is probable that some of these 
organisms suffer from partial deficiencies for other unidentified vitamins. 
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This is suggested by the development of perithecia on the basal agar 
medium supplemented with the three vitamins as compared with that de- 
scribed by Rumbold on malt agar. Several of the fungi did not form peri- 
thecia on our synthetic media and none developed these bodies so rapidly as 
has been described for their formation media containing natural supple- 
ments. Of course, we cannot on the basis of our present knowledge ascribe 
the slowness or the failure of perithecial development to deficiencies for 
vitamins other than thiamine, biotin, and pyridoxine. A number of other 
factors may be concerned. However, the perithecial development indicates 
that the basal medium supplemented with the three vitamins is probably 
not optimal for all these organisms and partial deficiencies for one or more 
additional vitamins may be concerned. 

Further evidence for partial deficiencies of additional vitamins is found 
in the relative growth of some of these fungi in the basal medium supple- 
mented with the three vitamins and in media containing additional vitamins 
or natural products. 

For example, C. ulmi produced a dry weight of 25.2 mg. in the basal 
medium plus thiamine, pyridoxine, and biotin, but with malt extract the 
vield was 119.7 mg. (table 2). In the basal medium containing thiamine, 
pyridoxine, and peptone, the vield was 56.9 mg., as compared to 29.4 mg. in 
the basal medium containing thiamine, biotin, and pyridoxine (table 3). 
One explanation for the benefit noted from malt extract and from peptone 
on the growth of C. ulmi, which should be investigated, is that these natural 
products supply additional vitamins. 

The growth of C. piceaperda No. 240 was improved by the addition of 
calcium pantothenate, nicotinamide, and para-amino benzoic acid to a basal 
solution containing biotin, thiamine, pyridoxine, and m-inositol. Still greater 
improvement was observed with the further addition of lactoflavin, ascorbic 
acid, pimelic acid, and glutamine. This suggests that partial deficiencies for 
other vitamins exist for this organism, In fact, greater growth was obtained 
in a medium supplemented with additional vitamins or with some natural 
product for all the Ceratostomellas except C. ips No. 255, C. pini No. 416, 
and (C. fimbriata. 

The addition to the basal medium of 11 vitamins and 21 amino acids did 
not improve the growth of No. 488, No. 255, No. 416, C. fimbriata, and the 
Ceratostomella from the London plane (table 3), as compared to that in the 
basal medium plus biotin, pyridoxine, and thiamine. However, the basal 





Explanation of figure 3 


Fic. 3. Production of biotin and pyridoxine by C. fimbriata. (1) basal medium con- 
taining thiamine solidified with purified agar; (2) same medium in which C. fimbriata was 
grown also solidified with purified agar. A, inoculated with C. ips No. 438; B, inoculated 
with C. ulmi; C, inoculated with C. montium No. 424. 





198 BULLETIN OF THE TORREY CLUB (VOL. 69 


medium plus malt extract was more effective than the basal medium plus 
thiamine, biotin, and pyridoxine for No. 488 and the Ceratostomella from 
the London plane. Furthermore, the beneficial effect of the malt extract of 
C. ulmi was much greater than that of the 11 vitamins and 21 amino acids, 
This suggests that C. ips No. 438, the Ceratostomella from the London plane, 
and C. ulmi suffer from deficiencies not supplied by the 11 vitamins and 21 
amino acids. 

The possibility that partial deficiencies for other vitamins than biotin, 
thiamine, and pyridoxine exist for some of these organisms and the condi- 
tions for good perithecial development should be investigated further. 


Effect of Vitamins on Gross Morphology. The nature of the vitamins 
supplied influenced the pigment production and the character of the growth 
in several instances. For example, C. fimbriata developed on agar a white 
cottony mycelium when supplied with thiamine only, but with thiamine and 
biotin, with thiamine and pyridoxine, or with all three vitamins the myee- 
lium was moist with a white frosting. In liquid culture after 8 days the same 
organism in the solution supplemented with thiamine showed a single sub- 
mersed mycelial colony about 1 em. in diameter, but with thiamine and pyri- 
doxine, thiamine and biotin, or all three vitamins the surface of the liquid 
was covered with a dry torula-like growth in addition to the submersed 
mycelium. 

C’. ips No. 438 formed a dry mycelium on agar supplemented with biotin, 
while on agar supplemented with biotin and thiamine, biotin and pyri- 
doxine, or with all three vitamins the growth was moist. The casual observer 
might easily have concluded that two different organisms were concerned. 

Time did not permit a detailed investigation of these differences, some 
of them doubtless associated with the relative abundance of conidia. It is 
worth recording, however, that the supply of vitamins did markedly influ- 


ence the gross morphology of some of these fungi. 


Presence of Biotin, Pyridoxine and Thiamine in Cotton Batting and 
in Agar. In the course of an experiment not reported in detail here it was 
noted that C. ips No. 255 grew vigorously in one flask of three, which con- 
tained the basal solution plus thiamine and calcium pantothenate. Since 
this fungus suffers from complete thiamine, biotin, and pyridoxine deficien- 
cies, it was evident that the last two vitamins must have been fortuitously 
introduced into this flask. Investigation showed that water had dripped 
during sterilization from the roof of the autoclave on the cotton stopper of 
this flask and percolated into the culture medium. Cotton batting was there- 
fore investigated for biotin, pyridoxine, and thiamine. 

A quantity of cotton batting was moistened with distilled water and 


autoclaved. The liquid was pressed out and made up so that 1 ml. of the 
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extract was equivalent to 1 g. of the cotton batting. No attempt was made to 
make a thorough and complete extraction of the cotton. The extract con- 
tained 12.2 mg. dry matter per ml. 

To determine the presence of vitamins in this extract, tubes of the basal 
medium plus 1.5 per cent purified agar were prepared. To some tubes 1 ml. 
of the cotton extract was added. Tubes of the basal medium and of the basal 





Fig. 4. Presence of biotin, pyridoxine, and thiamine in cotton extract and unpurified 


agar. A(1) basal medium with purified agar inoculated with C. ips No. 4338; A(2) same 
with extract from 1 g. cotton batting; A(3) basal medium inoculated with C. ulmi; A(4) 
same with cotton extract; A(5) basal medium inoculated with C. fimbriata; A(6) same 
with cotton extract; A(7) basal medium inoculated with C. ips No. 255; A(8) same with 
cotton extract. B(1-8) purified agar compared with unpurified agar. 

medium plus the cotton extract were inoculated in triplicate with C. ips No. 
438 to test for biotin, with C. ulmi to test for pyridoxine, with C. fimbriata 
to test for thiamine, and with C. ips No. 255 which grows well only when all 
three vitamins are present. The results (fig. 4) demonstrated that the cotton 
extract contained per ml. sufficient biotin, pyridoxine, and thiamine to give 
maximum or nearly maximum effects with these four species of Ceratosmella. 
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The cotton extract was used also in solution cultures. Growth of C. ips 
No. 438, of C. ulmi, of C. montium No. 424, and of C. ips No. 255 in the 
basal medium plus the cotton extract demonstrated the presence of thiamine, 
pyridoxine, and biotin in this material (table 6). The growth of C. tps No. 
438 in the basal solution plus the extract of 3 g. of cotton was superior to 
that obtained in any other medium, including malt extract. 


TABLE 6. The effect of an extract of cotton batting on the growth of the 
Ceratostomellas indicated 


Grown 14 days at 20° C. The average dry weight of triplicate cultures is given 
in mg. 


Additions to 25 ml. 


piceape rda 


montium 





x = x 
of soln. 1 & > = 
S S s “es 
| No. 438 No. 424 | No.255 No. 240 
10 mu moles thiamine 0.0 0.0 0.0 0.0 0.1 
10 mu moles thiamine plus ex- | 
tract 0.3 g. cotton 62.0 5.7 3.3 2.8 43.9 
10 mu moles thiamine plus ex- | 
tract 1.5 g. cotton 93.6 9.3 8.3 10.2 74.7 
Extract 1.5 g. cotton 121.9 8.3 9.2 i I 20.6 
Extract 3.0 g. cotton | 135.1 8.9 13.9 11.7 27.2 
10 mu moles thiamine, 0.01 ug. | 
biotin, 50 mu moles pyridox 
ine | 10.6 9? 17.6 11.6 OLD 


We cannot be certain that these vitamins were present in the cotton boll 
and were not introduced in some way after the cotton was picked. The 
probability is that the former assumption is correct. In any event it is clear 
that cotton batting, so freely used as a laboratory material, may supply 
various vitamins, including biotin, pyridoxine, and thiamine. 

Difeo agar also contains all three vitamins. This is demonstrated in 
figure 4. The four organisms used in the experiment on cotton extract were 
grown on the basal medium solidified on the one hand with 1.5 per cent 
purified agar and on the other with 1.5 per cent unpurified Difeo agar. Each 
tube contained about 0.12 g. of dry agar. Although the greater growth of C. 
ulmi and of C. fimbriata on the unpurified agar demonstrated the presence 
of pyridoxine and thiamine, there was not sufficient of these vitamins in the 
amount of agar used to give a maximum effect. \C. ips No. 438 grew quite 
well on the unpurified agar, showing the presence of sufficient biotin to 
produce nearly a maximum effect on this fungus. 


DISCUSSION 


Earlier work on the nutrition of Ceratostomella furnishes little informa- 
tion on the nutritional requirements of the genus. Hedgecock (3) cultivated 
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a considerable number of species of Ceratostomella and found a pine decoe- 
tion agar made from bark and sap wood to be an excellent medium, consid- 
erably superior to an agar made from heart wood. Schwarz (9) states that 
C. ulmi did not grow on a nutrient base which contains sugar as the only 
source of carbon. He grew this organism also on media containing a variety 
of natural produets. It is clear now that C. ulmi failed to grow in some of 
the media used by Schwarz because the medium lacked pyridoxine and not 
because sugar was the only source of carbon. Clinton and MeCormick (2) 
vrew C. ulmi on a variety of natural media including elm twigs, cherry 
agar, plugs of potato and carrot, grains of wheat, oats and barley, sterilized 
liver, elm bark, and elm wood. Evidently all of these materials contained 
sufficient pyridoxine to permit growth. Rumbold (6, 7, 8) used chiefly a 
malt extract agar in the cultivation of the species of Ceratostomella she 
studied. She (7) found C. pint grew abnormally on a mineral—dextrose 
medium containing 1.5 per cent agar and either sodium caseinate or peptone 
and did not grow on the same medium containing asparagine or urea. It 
seems probable that lack of sufficient thiamine was partly responsible for 
these results. Rumbold (7) reported that C. pseudotsugae grew well on a 
mineral—dextrose medium containing 1.5 per cent agar and urea, aspara- 
gine, sodium caseinate, or peptone. We found that this organism grew on an 
agar medium to which no vitamins were added, especially if Difeo agar 
rather than purified agar was used. Taylor-Vinje (10) grew C. montium on 
a corn meal decoction solidified with agar. Bramble and Holst -(1) grew C. 
pint on a malt agar or malt broth. Our results show that the advantage of 
media containing natural products for the cultivation of Cerastomella is 
probably due to the vitamins supplied by the natural supplements. 

Our results are of interest also because of the diversity of vitamin defi- 
ciencies evidenced by representatives of a single genus. It seems probable 
that a study of other members of this genus would add to this diversity. We 
might, for example, find a species which suffers from complete deficiencies 
for more vitamins than biotin, pyridoxine, and thiamine; one which would 
not grow even if all three of these vitamins were supplied. 

Attention should be called to the vitamin relations of different isolations 
of the same species. The two isolations of C. pini, No. 416 and No. 512, were 
much alike in their vitamin deficiencies but the two isolations of C. ips No. 
4388 and No. 255, were decidedly different. The former (No. 438) was 
marked by a complete biotin deficiency and partial deficiencies for pyri- 
doxine and thiamine, while the latter (No. 255) showed complete deficien- 
cies for all three vitamins. Evidently these differences in vitamin deficien- 
cies did not affect the characters differentiating the species. 

Our observations are of interest also because of the deficiencies for pyri- 
doxine shown by these organisms. Reports of pyridoxine deficiencies for 
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filamentous fungi have not hitherto appeared, yet three of the ten Cera- 
tostomellas we studied showed a complete pyridoxine deficiency and seven 
a partial pyridoxine deficiency. C. ulmi is of special interest in this connec- 
tion because it suffers from a pyridoxine (complete) deficiency only. This 
suggests that it might be used as a bio-assay for this vitamin. However, the 
character of its growth makes dry weight determinations tedious, and photo- 
electric determinations of the growth of this organism were not entirely 
satisfactory. Furthermore, it appears to have unidentified partial deficien- 
cies Which markedly affected its growth. What influence this might have on 
the use of C. ulmi for the quantitative determination of pyridoxine in 
natural products would need further study. 

These experiments emphasize also the importance of partial vitamin 
deficiencies in limiting growth. A complete deficiency causes a marked and 
dramatic effect. If the vitamin is absent from the medium no growth oecurs; 
its addition, if a single complete deficiency is concerned, permits growth. It 
is an all or none effect. On the other hand, partial deficiencies permit slow 
growth to take place in the absence from the medium of the vitamin con- 
cerned and its addition merely increases the rate of growth. Partial deficien- 
cies are less obvious in their effects than complete deficiencies. Nevertheless, 
they both influence the rate and the character of the development of an 
organism. 

Beeause of the possible influence of partial vitamin deficiencies the 
occurrence of growth on any given medium may not be taken as a priori evi- 
dence for eliminating vitamins as limiting factors. Seven of the ten species 
or strains studied in the experiments described in this paper were found to 
suffer from partial deficiencies of thiamine, pyridoxine, or biotin. Further- 
more, some evidence for partial deficiencies of unidentified vitamins was 
found for two of the three remaining organisms. For this genus partial 
deficiencies are of general occurrence and considerable importance. 

The interrelation between the various vitamins presents an interesting 
situation. C. fimbriata, for example, grows very little in the basal medium. 
The addition of thiamine (table 3) results in a great increase in growth and 
the synthesis of both biotin and pyridoxine (table 5). However, maximum 
growth is not obtained in the thiamine medium apparently because the 
organism does not synthesize enough biotin and pyridoxine, since the addi- 
tion of biotin or pyridoxine or both to the thiamine medium results in 
greater growth. The situation is somewhat puzzling. If the biosynthesis of 
either biotin or pyridoxine limits growth in the thiamine medium then we 
should expect the addition of one to increase the growth and the other to be 
ineffective. If the synthesis of both biotin and pyridoxine is the limiting 
factor in the thiamine medium then it should be necessary to add both before 
any marked effect is obtained. However, both the combination of thiamine 
and pyridoxine and of thiamine and biotin are more effective than thiamine 
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alone. The accumulated evidence from other sources on the specificity of the 
vitamins would not encourage us to believe that pyridoxine takes the place 
of biotin or vice versa. We might assume that an increase in the supply of 
biotin in the presence of thiamine makes the synthesis of more pyridoxine 
possible and, on the other hand, an increased supply of pyridoxine permits 
a greater production of biotin. It is possible also that one vitamin is utilized 
more effectively when others are present in adequate amounts. A similar 
situation exists in the relation of thiamine and pyridoxine to the growth of 
(. ips No. 438 (table 3) in a medium containing biotin. 


SUMMARY 


Ten species or strains of Ceratostomella were grown in a basal mineral- 
dextrose medium containing asparagine and in the same medium supple- 
mented with biotin, pyridoxine, or thiamine singly and in combination. All 
the fungi suffered from complete or partial vitamin deficiencies and 7 dif- 
ferent combinations of deficiencies were found. The use of media containing 
natural products for the cultivation of these fungi is due to their vitamin 
deficiencies. Some evidence is presented for the existence of deficiencies for 
unidentified vitamins. The presence of biotin, thiamine and pyridoxine in 
cotton batting and in Difco agar was demonstrated. 
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EFFECT OF VARIATIONS IN LIGHT INTENSITY, LENGTH 
OF PHOTO-PERIOD, AND AVAILABILITY OF NITRO- 
GEN UPON ACCUMULATION OF ASCORBIC 
ACID IN COWPEA PLANTS' 


Mary EuizaBetu REID 


An understanding of the causes of variations in the ascorbic acid con- 
tent of plants is desirable from both practical and theoretical considerations, 
Of the various environmental factors known to influence accumulation of 
this vitamin in plants, light appears to have the greatest effect. Differences 
in intensity, quality, and length of the daily period of illumination may all 
be concerned in producing modifying effects. 

The early investigations on the effects of light upon ascorbic acid accu- 
mulation were reviewed in a previous publication (Reid 1938). Murphy 
(1939) has shown that the ascorbie acid content of apples is higher 
on the side exposed to the sun than on the shaded side. Harding, Winston, 
and Fisher (1939) observed significantly higher values in oranges picked 
from outside branches which were fully exposed to sunlight. Kessler (1939) 
reported that for a given variety of apple those from Southern Germany 
were generally richer in vitamin C than those grown in the northern sec- 
tions. Fruit which matured unevenly because of shading had from 30 to 50 
per cent higher ascorbic acid content on the red than on the green side. 
The effect was attributed to the difference in light intensity rather than to 
an association with the red pigment. Burrell, Brown, and Ebright (1940) 
found the same variety of cabbage did not have the same ascorbic acid 
values at different seasons or in different regions. Lojander (1940) reported 
considerable seasonal variation in the vitamin C content of most garden 
vegetables. Ilynview and Ulanova (1937) found that shortening the day 
decreased the relative quantities of ascorbic acid in kohlrabi and sorrel 
and increased the content in onions. Moldtmann (1939) observed that pro- 
longed cloudiness lowered the ascorbic acid values in plants. He also deter- 
mined the vitamin C content of leaves of Fagus sylvatica and of Taxus 
baccata at different times of vear and found the highest values in Fagus in 
July and in Tarus in March. Sugawara (1939) studied the influence of 
variations in light intensity on the accumulation of ascorbie acid in various 
tvpes of etiolated seedlings. Five-day-old seedlings of radish, Chinese cab- 
bage, and maize grown in darkness were exposed to different intensities of 
light for 6, 18, 30, and 42 hours at 10,000, 1,000, 100, and 10 lux and others 
were left in darkness. After 42 hours exposure the following values (mg./g. 


1 Publication of the figures was assisted by the Lucien M. Underwood Memorial Fund. 
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fresh weight) in the above sequence were found: radish, 1.11, 0.95, 0.77, 
0.67, 0.61; Chinese cabbage, 1.12, 1.02, 0.79, 0.63, and 0.56; maize, 0.67, 0.63, 
0.56, 0.52, and 0.49. The ascorbic acid content is thus shown to increase 
with increasing light intensity but not in direct proportion to it. The effect 
of variations in the intensity of light upon the ascorbic acid values of ex- 
cised Ficus branches placed in water and kept in darkness for eight hours 
previous to assaying was studied by Moldtmann (1939). He found a 20 per 
cent loss during the period in darkness and a 14 per cent gain as a result 
of a three-hour exposure to a 40 watt light at a distance of 30 centimeters. 
With successive increases in light intensity up to 600 watts higher ascorbic 
acid values were found but as in Sugawara’s results the increase in ascorbic 
acid was not proportional to the increase in light intensity, particularly in 
the higher intensities. 

Some investigators who have studied the effect of soil fertility upon the 
vitamin C content of plants have found that high fertility is favorable to its 
accumulation (Potter and Overholser 1933; Ijdo 1936; Hoffman, Krauss, 
and Washburn 1938; Fellers, Young, Isham, and Clague 1934). Others 
have observed comparatively little effect (Pfiitzer and Pfaff 1935; Smith 
and Paterson 1937; Smith and Gillies 1940). High nitrogen fertilizers have 
generally been found to influence ascorbic acid synthesis favorably, more 
than do other types of fertilizers (Isgur and Fellers 1937; Balks and Pom- 
mer 1938; Sugawara 1938; Burrell, Brown, and Ebright 1940). There is 
little reported evidence that the use of properly balanced fertilizers de- 
creases the ascorbic acid content of plants grown under field conditions 
(Virtanen 1936; Isgur and Fellers 1937). Kessler, however, found (1939) 
that overfertilization of apple trees with nitrogen depressed the ascorbic 
acid content of the fruit and suggested that it was possibly caused by the 
shading of the fruit with the extra-heavy foliage of the high-nitrogen trees. 
Fuhrmeister (1937) on the contrary had previously obtained similar results 
with high-nitrogen fertilization of vegetables in which shading was sup- 
posedly not an interfering factor. 

Moldtmann (1939) published data suggesting a parallelism between 
the glucose and ascorbie acid content of leaves of monocots but not of 
dicots. Other experiments by this investigator showed that within certain 
limits increasing the available carbon dioxide resulted in an increased syn- 
thesis of ascorbic acid. On the other hand, ringing experiments, which nor- 
mally lead to an increase in carbohydrates above the ring, resulted in no 
increase in ascorbic acid content. Leaves above a ring in Fraxinus excelsior 
had definitely less ascorbic acid than similar leaves from normal branches. 
No distinet difference was found in tests with Salix capra. 

The inter-relationships of available nitrogen, carbohydrates, and growth 
were studied by Kraus and Kraybill (1918), Nightingale (1922), Nightingale 
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and Kraus (1924), Reid (1924, 1929), and by a number of other investi- 
gators. It was found that the accumulation of carbohydrates is dependent 
upon the quantity of available nitrogen. If the nitrogen supply is very 
abundant, the carbohydrates tend to be utilized in growth and in synthesis 
of organic nitrogen compounds, On the other hand, if the supply of nitrogen 
is limited, carbohydrate utilization is retarded, and a marked accumulation 
may result. 

No investigations have been reported bearing on ascorbie acid as influ- 
enced by the interrelations of mineral nutrient supply with seasonal and 
weather variations in light. The present studies are concerned with some 
aspects of these problems. 


PROCEDURE 


Approximately uniform cowpea seeds of the Groit variety were placed 
in germinators and kept at 27—-29° C. for 24 hours or slightly longer. Seed- 
lings with sprouts approximately 1 em. long were selected for planting in 
clean white sand in half-gallon crocks of the shallow type. A nutrient solu- 
tion was added under the conditions indicated for individual tests. 

In preparing plants for vitamin C assays, the organs were weighed 
rapidly, then placed in Petri dishes and kept in the refrigerator until the 
ascorbie acid determinations by the indophenol method could be made. 
The vitamin C assays were made as rapidly as possible and if there was a 
fairly large number of samples, tests of the leaves were always made first 
and of the stems last. The tissues were pulverized in a mortar using a small 
quantity of acid-washed sand and 5 per cent metaphosphoric acid as an 
extracting agent. Appropriate aliquots of the filtered extracts were used in 
the titrations. 


EXPERIMENTAL RESULTS 


1. Effect of Seasonal Differences in Light Conditions. Two groups of 
young seedlings grown without added nutrients and at different seasons of 
the year were assaved in the first test. Some were grown during the latter 
part of November under the comparatively weak illumination and short 
days characteristic of this season and others in the much higher light in- 
tensity and longer days of March. The records of the U. S. Weather Bureau 
for Washington, D. C., show that the average total amount of solar radia- 
tion per day during the period of the November test was 184 gram-calories 
and in the March test, 344 gram-calories. The light intensity on bright days 
during the November test as measured in the greenhouse by a Weston illu- 
mination meter was about 60 per cent of that on bright days in March. The 
plants grown during November in the weaker light had larger stems and 
smaller roots than those grown in March. 
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TABLE 1. Comparison of total ascorbic acid values and green weights of 14-day-old 
cowpea plants grown in November and March 


"Nov. 20-Dee. 1 Mar. 7-17 











lov. / « 
Average radiation | Average radiation Nov Mar. , 
: é Radiation ratio 
(Gr.-eal. perday) | (Gr.-eal. per day) 54 
184 344 , 
Green Wt.| Ase. Ac. | Green Wt. | Ase. Ac. |, . Ase. Ac. 
oa | Me ils Me. | Green Wt. nan . 
= = es i Total | Mg./G. 
Leaves 0.796 0.525 0.851 0.880 re 0.94 0.60 0.64 
Stems + 
Petioles 0.532 0.072 0.390 0.079 1.36 0.91 0.67 
Roots 1.256 0.210 1.642 0.325 0.77 0.65 0.84 
Total 2.584 0.807 2.883 1.284 0.90 0.63 0.70 


Table 1 shows that the ascorbic acid values were higher in all parts of 
the March plants. The total ascorbic acid in the November plants was 63 
per cent of that of the March plants; whereas, the total green weight of the 
former was only 11 per cent less than that of the latter. As caleulated from 
the quantitative data in table 1, the leaves of the November plants con- 
tained 0.66 mg. of ascorbic acid per gram whereas those of the March 
plants contained 1.03 mg. per gram. The iodine and Fliickiger tests? made 
upon sections of leaf and stem tissues showed a lower content of starch and 
free-reducing substances respectively in the November than in the March 
plants. The larger leaves, longer stems, smaller root systems, and lower con- 
tent of starch and free-reducing substances found in these tests to be char- 
acteristic of cowpea plants grown under low light intensity and short days 
as compared with those grown under high illumination and long days are 
much like those previously described for Hubbard squash plants grown 
under similar conditions (Reid 1930). 

In another experiment winter- and spring-cultured plants supplied 
with added nutrients were allowed to grow for eight weeks before being 
assayed. The winter group was tested on January 12 and the spring-sum- 
mer group on May 19. The U. S. Weather Bureau records show that the 
average total radiation per day during the period in which the winter plants 
were grown was 165 gram-calories and during the spring-summer period 
was 470. The total radiation per day during the former period was only 35 
per cent of that in the latter. However, during the week immediately pre- 
ceding the winter test, the average total radiation per day was 41 per cent 
of that during the spring period. Measurements made in the greenhouse 
with the illumination meter showed almost a 50 per cent difference in the 
maximum intensities at the two seasons. The results of the experiment are 
shown in table 2. 


2 Eckerson, Outlines of Plant Microchemistry (unpublished). 
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TABLE 2. Total ascorbic acid content and green weights of plants eight weeks old and 
tested in January and May 


Nov. 17-—Jan. 12 Mar. 24—May 19 Nov.—Jan./Mar.—May 
Average radiation Average radiation Radiation ratio 
) 165 gr.-eal. per day 470 gr.-cal. per day 36 
| Green Wt. | Asc. Ac. [Green Wt.| Ase.Ac. |, Ase. Ac. 
| G. Mg. G Mg. | Green Wt. 
- ‘ all Total Mg./G. 
Leaves 18.99 9.85 18.44 20.44 1.03 0.48 0.47 
Stems + 
Petioles 15.66 1.17 13.03 1.64 1.20 0.71 0.60 
| Roots 9.36 1.07 17.23 2.34 0.54 0.46 0.84 
' Total 44.01 12.09 48.70 24.42 0.90 0.50 0.55 


The winter plants accumulated half as much ascorbic acid as the spring- 
summer plants. The relative difference in size of the root systems is greater 
than that observed in the younger plants of the first test. A pronounced 
difference in the total and percentage ascorbic acid values and only a slight 
variation in green weight in the leaves of the two greups of plants is to be 
noted. 

Some of the plants in the November-December test were grown under a 
cheesecloth screen which reduced the light intensity about 50 per cent. On 
January 12, when the plants were 8 weeks old, tests were made to determine 
the ascorbie acid values of successive leaves of the shaded and unshaded 
plants. The data thus obtained are shown in table 3 together with the results 
of similar assays of the leaves of the plants tested on May 19. 

The leaves of the winter plants contained 57 per cent as much ascorbic 
acid expressed as absolute amount and 48 per cent as much on a green 


TABLE 3. Ascorbic acid content of leaves of plants grown in normal and reduced intensity 
of daylight and at different seasons 





Fight week-old plants tested Jan. 12 
Kight-week-old 


Plants grown in Plants grown plants tested 
daylight of normal in partial May 19 
intensity shade 


Mg./Pit.| Mg./G. | Mg./Plt.| Mg./G. Mg./Pit. | Mg./G. 


First oldest leaf 0.47 0.46 0.30 0.39 0.43 0.91 
Second 66 0.66 0.43 0.35 0.30 2] 1.02 
Third 1.1] 0.47 0.51 0.32 1.99 1.04 
Fourth 1.49 0.47 0.77 0.38 3.2 1.07 
Fifth is 1.69 0.51 0.93 0.38 3.26 1.10 
Sixth nS 1.67 0.47 0.95 0.38 2.75 1.04 
Seventh ‘‘ a 1.60 0.49 0.97 0.37 2.86 1.16 
Eighth ee we 1.43 0.68 1.04 0.48 2.32 1.19 
Ninth i aie 0.83 0.94 0.55 0.63 1.10 1.66 
Total 10.94 0.52 6.37 0.39 19.13 1.09 
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weight basis as did those of the spring-summer plants. Shading of the winter 
plants caused a reduction of approximately 42 per cent in total ascorbic 
acid and a 25 per cent lower value on a percentage green weight basis. 


2. Effect of Varying Intensities of Light. Further studies were con- 
ducted to determine the effect of varying light caused by changing weather 
conditions on ascorbic acid accumulation. Twelve-day-old plants grown in 
normal daylight were assayed for ascorbie acid on April 4 at 2:00 p.m. At 
approximately the same time on the next day cultures from the following en- 
vironments were assayed : normal light intensity, normal light reduced about 
75 per cent by a cheesecloth screen, such partial shade cultures which had 
been transferred to full daylight 24 hours previously, and normal daylight 
cultures transferred to darkness 20 hours previously. As indicated in table 4, 
approximately similar procedures were followed on the next two days. 

The plants grown under reduced light intensity contained only 40 per 
cent as much ascorbic acid on the basis of absolute amount as those grown 
in normal light and 59 per cent as much on a green weight basis. The greatest 
effect of the difference in light intensity was found in the leaves and least 
in the stems. Exposure of the shaded plants to normal daylight for twenty- 
four hours caused an increase in the total ascorbie acid, most of the increase 
being in the leaves. Exposure to normal daylight for two days following 
partial shading resulted in a 55 per cent higher value for the absolute 
amount than was found in similar plants left in the shade. At this time a 
20 per cent higher total value in the roots and a 24 per cent higher total 
value in the stems was found in the more highly illuminated plants. Keep- 
ing the plants in darkness for twenty-four hours previous to assaying re- 
sulted in losses of the vitamin of approximately 15 per cent. The data indi- 
cate that all parts of the plant were involved in the decrease. Plants grown 
in daylight of normal intensity and transferred to the low intensity chamber 
forty-eight hours before assaying had an 11 per cent lower total ascorbic 
acid value on April 6 and others a 24 per cent lower value on April 7 than 
similar plants left in normal daylight. The lower value of the normal plants 
on April 6 was associated with very cloudy weather. Presumably at the time 
of assaying complete recovery from the metabolic loss of the previous night 
had not occurred because of the weak light (Reid 1941). 


3. Comparative Effects of Diiferences in Light Intensity and Length of 
Day with and without Additional Nitrogen. An experiment was con- 
ducted in March in which environmental variations were employed, simulat- 
ing in some respects the normal seasonal changes in light intensity and 
length of daily period of illumination. Thirty-six cultures of ten plants each 
were prepared, nine of which were placed under each of the four following 


experimental conditions : 
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TABLE 4—(Continued) 





Cc itions - " ‘ a 
ondition Green Wt. Ascorbie Acid Ascorbie Acid 


during ta’ : P 
y/o 
growth g- (ing. ) | (mg./g.) 
April 7—Very bright 
15 days Entire Plant 2.92 1.104 0.365 
normal Stems 0.41 0.099 0.241 
daylight Roots 1.81 0.345 0.191 
Leaves 0.760 0.660 0.943 
15 days Entire Plant 2.39 0.533 0.223 
weak Stems 0.55 0.068 0.124 
daylight Roots 1.16 0.175 0.155 
Leaves 0.678 0.290 0.428 
13 days Entire Plant 2.90 0.978 0.339 
normal Stems 0.41 0.108 0.263 
daylight, Roots 1.82 0.307 0.168 
2 days Leaves 0.676 0.563 0.833 
weak 


daylight 


l4 days Entire Plant 2.75 0.924 0.336 
normal Stems 0.38 0.081 0.213 
daylight, Roots 1.69 0.300 0.176 
1 day Leaves 0.676 0.543 0.803 


darkness 
‘ Last day was very cloudy. 


1. Normal light intensity and normal length of day. 
2. Short day. Daily illumination period of seven hours. Frame covered 
with black sateen placed over plants at 4:00 p.m. and removed at 9 a.m. 

3. Long Day. Daily illumination period of seventeen hours. 150 watt 
Mazda lights placed 30 inches above the plants were on from 5:00 to 11:00 
p.m. 

4. Partial shade, Plants were placed under a frame covered with cheese- 
cloth which reduced the normal light intensity in the greenhouse by about 
65 per cent. 

On the tenth day and each day thereafter a complete nutrient® solution 
was applied. The ascorbie acid assays were begun on the third day when the 
primary leaves were emerging above the surface of the sand. Roots, stems, 
and leaves were analvzed separately. Leaf areas were also determined. Plants 
grown under the different environmental conditions were prepared for the 
tests at 11: 00 a.m. 

Reducing the light intensity during the month of March had a much 
more marked effect upon ascorbic acid values than did lengthening or 
shortening the daily period of illumination. During the time of partial de- 
pendence of the seedlings upon the stored food reserves in the cotyledons, 

The mineral elements were present in the following concentrations (p.p.m.): N= 90, 
P=45, K=75, Ca=40, Mg=20, 8=36, Cl=58, Fe=2.5, Mn=0.1, B=0.1, Zn=0.1. 
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that is up to and including the fifth day, variations in light intensity or in 


length of the daily period of illumination had less influence than after the 


plants became more nearly independent. The total ascorbic acid per plant 


at successive stages of development under each of the four environmental 


conditions is shown 
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From the seventh to the tenth days inclusive there was a lag in ascorbie 
acid accumulation under each of the four conditions of illumination. There 
was also a decrease in the rate of growth apparent on the seventh or eighth 
days, continuing to the tenth day. A pronounced lag in growth and ascorbic 
acid accumulation at this stage of development has also been noted in previ- 
ous experiments in plants grown without added nutrients and a slight 
retardation in ascorbie acid increase even in well fertilized plants (Reid 
1941). 

The (total) ascorbie acid of the short-day and partially shaded plants 
remained practically constant from the seventh to the tenth days; whereas, 
the results suggest a loss from the normal and long-day plants on the tenth 
day (Reid 1941). No determinations were made on the ninth day. The appar- 
ent losses followed two days of very cloudy weather. There is a suggestion 
here, as there also has been in previous tests, that metabolic losses of ascorbic 
acid during periods of darkness are greatest in plants which have been most 
active photosynthetically during the immediately preceding periods of illu- 
mination. 

Microchemical examination of the tissues revealed that the normal- and 
long-day plants had accumulated considerable starch and free-reducing 
substances, those of the short-day plants somewhat less, and those of the 
shaded plants relatively little. The internal symptoms of the normal- and 
long-day plants suggested that a state of nitrogen deficiency was develop- 
ing. On the eleventh day, following the application of nutrient solution on 
the tenth day, a definitely higher ascorbic acid content and a stimulation of 
growth were found in these plants. An appreciable gain in ascorbic acid was 
not evident until a day later in the short-day plants. The addition of nutri- 
ents appeared to cause a depression in the total amount of ascorbic acid in 
the shaded plants for two days immediately following application of the 
solution. Between the twelfth and fourteenth days, however, a very rapid 
gain occurred. This was caused chiefly by the rapid development of the first 
set of compound leaves. The ascorbie acid values on the fourteenth day, with 
and without inclusion of the compound leaves, may be observed in figure 1, 
the lower points on the fourteenth day representing the values without the 
compound leaves and the upper points the values with the compound leaves 
included. A more rapid development of the first set of compound leaves was 
observed in the shaded plants than in the other groups. This tendency 
toward a somewhat more rapid initiation and development of leaves has 
been noted previously in plants grown in light but under conditions allow- 
ing a relatively slow rate of carbohydrate synthesis (Reid 1930). 

In other tests conducted at a time of year when light conditions were 
similar to those of the preceding test no nutrients were added but nodules 
were allowed to develop on the roots. The apparent availability of nitrogen 
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was soon reflected in an increase both in growth and in total aseorbie acid 
similar to the responses to nutrient solution. The results of one of these tests 
are shown in figure 3. The plants which had received nutrient solution sinee 
the third day (the time of emergence above the sand) were much larger on 
the fifteenth day than the plants which received no nutrient solution. No 
assays were made between the tenth and fifteenth days. Doubtless, if daily 
determinations of ascorbic acid in the plants grown without added nutrients 
had been made during this period, the curve would have continued in the 
horizontal direction for some time after the tenth day and, as nitrogen be- 
came available, would then have risen more steeply than is represented in 
the graph. The results of this experiment suggest that the stimulatory effect 
on growth and aseorbie acid synthesis noted after application of a complete 
nutrient solution to very voung plants is caused chiefly by the added nitro- 
gen. The addition of nutrient solution lacking in other elements* such as 
phosphorus, potassium, calcium, and magnesium have not produced definite 
differences in the total ascorbic acid in plants at such an early stage of 
development. Apparently these elements become limiting factors both in 
growth and in ascorbic acid synthesis at later stages than does nitrogen. 
Reducing the light intensity resulted in a greater spread of the leaf blade 
which became evident as early as the fifth day, later becoming more pro- 
nounced. There were, however, no marked differences in the green weights 
of leaves of the four groups of plants. The greater thickness of the leaves 
of the plants grown in normal daylight as compared with the leaves of the 
shaded plants compensated in weight for the smaller areas of blades of the 
former. On the fourteenth day the primary leaves of plants grown in day- 
light of normal intensity both under normal- and long-day conditions con- 
tained 0.019 mg. of ascorbic acid per square centimeter of leaf surface 
whereas those of the shaded plants contained only 0.007 mg. per square 
centimeter and those of the short-day plants 0.016 mg. The thicker leaves 
of the plants grown in daylight of normal intensity contained a larger num- 
ber of chloroplasts per unit area of tissue than the thin leaves of the shaded 
plants, a difference which undoubtedly has a determining influence upon 
the ascorbic acid concentration per unit area of mesophyll surface. There is 
considerable evidence that ascorbic acid synthesis is associated with the 
functioning of the chloroplasts (Geitler 1922; Girond, Leblond, and Rat- 
simanga 1934: Gautheret 1935; Wieler 1936; Weber 1936; Dischendorfer 
1937; Pekarek 1938; Weier 1938; Bukatsch 1940). Tests made with very 
voung cowpea leaves, before there is much development of the mesophyll, 
have shown that the ascorbic acid content is about the same as that of the 
young portion of the stem; but with development of the mesophyll under 
favorable light conditions there is an increase of several hundred per cent 


* Unpublished data. 
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per unit of weight. For example, young leaves from the seventh node which 
were enclosed within bud seales but with tips emerging yielded values of 
0.22 mg. per gram; whereas those at the sixth node which were expanding 
after emergence from the bud seales contained 1.31 mg. per gram. 

The partially shaded plants of the present experiment had longer, 
heavier stems than those of the other three groups grown in daylight of 
normal intensity, but the ascorbic acid values tended to be somewhat lower, 
the differences increasing as the plants became older. Toward the end of the 
experimental period, when the first set of compound leaves was developing, 
the differences were pronounced. Somewhat lower values were observable 
also in the short-day as compared with the normal and long-day plants in 
the latter portion of the test period. 

The ascorbic acid values for the roots of the different groups of plants 
varied in the same directions as did those of the stems, low intensity being 
the only one of the four conditions causing marked differences. For example, 
the roots of normal-, short-, and long-day plants respectively contained 0.34, 
0.25, and 0.31 mg. of ascorbic acid on the fourteenth day, whereas those of 


the shaded plants contained only 0.13 mg. 


TABLE 5. Summary of results in the prece ding experiments on the relation of light 


intensity to ascorbid acid accumulation 


Experiment l 2 3 4 5 
Total (Mg. per 
plant) 0.510 


¢.) 
e500 


Mg./G. in leaves 0.390 0.403 


Total (Mg. per 
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a These values are somewhat low, because the nutrient solution was not added until 
the plants were ten days old. Total values in experiments 2 and 3 cannot be compared 


with the others because the plants were much older. 
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Table 5 shows the ascorbic acid content (mg./g.) of the leaves of the 
plants employed in the previous experiments for which different light in- 
tensities prevailed. The values for the latter represent approximately the 
maximum intensities found during the course of the experiments. A compari- 
son of the total quantity of vitamin C of plants grown under different light 
intensities cannot be made in experiments 2 and 3 because the plants were 
eight weeks old as compared with fourteen- and fifteen-day-old plants in the 
other three tests. A relation between light intensity and both absolute and 
percentage content of ascorbie acid is clearly indicated but further tests 
using more refined methods are required to determine exact quantitative 
relationships. 


DISCUSSION 


The data herein presented afford an insight into some of the more com- 
mon causes of variation in the vitamin C content of green plants. The dif- 
ferences in light factors characteristic of different seasonal and weather 
conditions are of importance. It should be emphasized that these results 
were obtained chiefly with young seedlings which ‘are known to be very 
sensitive to differences in light intensity. It is quite possible that the length 
of day factor would have a greater influence in older cowpea plants or in 
other types of plants. An investigation of the ascorbic acid relations in plants 
whose reproductive period is determined by length of day would be of spe- 
cial interest. It is recognized that reducing the average light intensity of 
plants grown in March, April, and May to approximate the average inten- 
sity in December by the methods herein emploved afford at best only a crude 
approach toward natural climatie conditions. 

The present results are in general agreement with those of Sugawara 
and Moldtmann in showing that the ascorbie acid content of plants increases 
with increasing light intensity and they also suggest that the relationship 
may not be linear. Sugawara and Moldtmann have shown that differences 
in illumination at the lower intensities produce relatively greater differ- 
ences in ascorbic acid synthesis than similar differences in the higher inten- 
sities. This is also the now generally accepted view of the relation between 
variations in light intensity and the rate of carbohydrate synthesis. 

The question of the relative importance of light intensity and the total 
amount of light in influencing ascorbic acid synthesis is still unsettled. 
Light intensity is of great importance, in part, because of its effect upon the 
structural development of the leaf with respect to the organization and 
depth of the palisade tissue, thereby affecting the number and distribution 
of the chloroplasts. It may also be essential for the synthesis of a protein- 
like constituent contained within the latter. However, we do not yet know 
whether its chief importance consists in the formation of these structural 
elements or whether it is mainly concerned in their functioning. If it is 


69 


he 
n- 


he 


ht 
re 
he 
nd 
sts 
ve 


n- 


1942] REID: ASCORBIC ACID IN COWPEA PLANTS 217 


important in connection with the former, then a time factor in ascorbie acid 
synthesis may be of major importance. For example, an etiolated seedling 
placed in darkness as in Sugawara’s experiments would tend to funetion 
slowly in ascorbic acid synthesis until an increase occurred in some other 
constituent, supposedly originating in the chloroplasts. 

The results of the present tests and those of other workers suggest the 
possibility of a functional relationship between the synthesis of ascorbic 
acid and that of carbohydrates. It is possible that the product of one of 
these two types of synthesis may result from that of the other but the ques- 
tion remains as to which, if either, takes precedence. It is possible, on the 
other hand, that these substances may be simultaneous products of chloro- 
plastic activity. 

Previous studies (Reid 1930, II) have shown the importance of light 
and the necessity of a supply of nitrogen for the synthesis and maintenance 
of a plasmatie constituent of the chloroplasts. Since evidence suggests that 
the chloroplasts are the structures mainly concerned in the formation of 
ascorbic acid, an increased rate of synthesis when nitrogen is supplied to 
nitrogen-depleted plants is not surprising. 

The data suggest that if a plant is grown under light conditions which 
permit a rapid synthesis of carbohydrates, ascorbic acid synthesis will be 
rapid also. If there is a deficiency of nitrogen, carbohydrates tend to accu- 
mulate, not so much because more are produced as because utilization is re- 
tarded. Under these conditions aseorbie acid may increase very slowly at first, 
and then will cease to accumulate as the deficiency becomes more pronounced. 
The evidence so far is inconclusive as to whether an abundance of nitrogen 
during periods of limited illumination is a depressing factor for the content 
of aseorbie acid as it is known to be for carbohydrates. At least it seems 
clear that high soil fertility with reference to nitrogen is conducive to vita- 
min C production only when light conditions allow synthesis of an ample 
supply of carbohydrates. On the basis of Fuhrmeister’s (1937) and Kessler’s 
(1939) work a very high nitrogen supply may actually be detrimental. 
Further study is required to determine conclusively to what extent such 
harmful effects may be overcome by increasing the amount of light. 

These results suggest that weather conditions should be considered in 
determining the time for harvesting fruits and vegetables. Other experi- 
ments which will be deseribed in detail elsewhere have shown that time of 
day is also important, especially for vegetables of leafy types. Considera- 
tion of these factors may be of special value in timing the selection of 
material for canning. 

SUMMARY 

High daylight intensity and medium to long days are conducive both 
to high absolute and high percentage ascorbic acid values in cowpea plants ; 
whereas low intensity and short days have a depressing effect. 
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Seasonal variations, attributable to differences in conditions of illumina- 
tion were found in the absolute and percentage content of ascorbic aeid. 

With differences in light intensity of 65 per cent and in length of the 
illumination period with normal daylight of 42 per cent, light intensity was 
found to have a greater influence than length of day. Lengthening the day 
with weak light (Mazda) to 17 hours so as to produce an 80 per cent increase 
in day length did not produce increases as great as a 65 per cent increase in 
light intensity. 

Shifting ascorbie acid values were found as a result of environmental 
alterations such as occur under changing weather conditions. The varia- 
tions are noted first in the leaves and somewhat later in the roots. 

A sufficient supply of available nutrients with special reference to nitro- 
ven is also conducive to high ascorbic acid values, particularly as to the total 
quantity, provided light conditions are such as to permit the synthesis of an 
ample supply of carbohydrates. It is suggested that the special relation of 
nitrogen to ascorbic acid formation in a green plant is dependent upon the 
necessity of this element for the synthesis and maintenance of the plasma 
content of the chloroplasts. 

It is suggested that weather conditions involving varying intensities of 
light should be considered in determining the time for harvesting fruits and 


vegetables. 
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THE RELATION BETWEEN XYLEM THICKENINGS IN PRI- 
MARY ROOTS OF VICIA FABA SEEDLINGS AND ELON- 
GATION, AS SHOWN BY SOFT X-RAY IRRADIATION 


G. F. Smiru AND H. KErRsTEN’ 


Previous studies on the root structure of Vicia faba seedlings grown 
from x-rayed seeds reported modifications in the secondary wall thickenings 
of the xylem elements (6). One observation indicated an alteration in the 
normal sequence of secondary wall thickenings including the annular, spiral, 
sealariform and pitted types. In the roots of these treated seedlings, very 
prominent pitted vessels occurred slightly above the apical meristem with 
only an oceasional spiral or scalariform elément in some specimens. 

Morphology texts such as those of Jeffrey (2) and Haberlandt (1) dis- 
cuss the relationship between these vessel types and the extent of elongation 
in the stem or root. A more complete study of this point is given in an early 
work of Stover (7) on the vascular anatomy of Calamovilfa longifolia. In it 
he maintains that the vessel types are the result of elongation. His observa- 
tions indicate that annular and spiral xylem elements, which are rarely 
present in the rhizome of Calamovilfa because of the failure of internodal 
elongation, are present in the rapidly elongating aerial stems, as are also 
the later formed reticulate and pitted elements. 

It is further implied by Stover, that the first thickening of a desmogen 
cell is of the pitted type, being laid down in the arrangement of a pitted 
cytoplasmic cell lining, the latter being a result of a cellular vacuolation 
which occurs early in the development of young cells of desmogen strands. 
After the formation of the original pitted thickening, division and elonga- 
tion of surrounding parenchymatous cells causes it to be torn apart and to 
form annular, spiral, scalariform, or pitted arrangements, depending upon 
the extent of stretching. Consequently a pitted vessel of the metaxylem 
remains as such if the surrounding cells are no longer dividing or enlarging. 

If the extent of elongation, therefore, determines the type of wall thick- 
ening of the xylem elements, variations in both of these factors in the roots 
of seedlings germinated from x-rayed seeds ought to show some relation- 
ship. On this basis, together with the fact that, within limits, the extent of 
elongation of the primary roots of plants grown from x-ray treated seeds 
decreases as the dose of irradiation increases, it seemed likely that a study 
of a series of Vicia faba primary roots with successively less elongation cor- 
related with increasing x-ray irradiation might contribute information on 


1 The cost of publication of the figures was borne in part by the Department of 
Physics of the University of Cincinnati. 
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the relationship existing between the types of vessel secondary wall thick- 
ening and total elongation. 


METHODS 


The soft x-ray apparatus used here and the general character of its 
radiation have been described previously (3, 4). Dry Vicia faba seeds were 
placed with their hila toward the source of radiation im small glass dishes 8 
em. from the focal spot of the x-ray tube. The tube was operated at 30 peak 
kv., and 10 ma. Exposure times included 0, 15, 30, 60, 90, and 120 minutes. 





Fic. 1, Decreasing root lengths of 5-day-old Vicia faba seedlings grown from seeds 
x-ray irradiated at 30 kv., and 10 ma. for 0, 15, 30, 60, 90, and 120 minutes. 


After irradiation, the seeds were soaked for 5 hours and later germi- 
nated in moist peat moss at 25° C. Material for histological studies was 
collected after five days, when the seedlings germinated from the seeds 
exposed for 120 minutes displayed the characteristic cessation of growth 
associated with the ‘‘delayed killing’’ effect in seedlings from x-ray irradi- 
ated seeds, as described by Maxwell (5). Primary roots of 50 seedlings of 
each experimental lot were prepared for microscopical study with standard 
methods of microtechnique. 

In studying the histological developments in seedlings grown from x-ray 
treated seeds, it is necessary to prepare and observe a great quantity of 


sections because of the resulting irregularity in arrangement and formation 
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of tissues. Consequently the longitudinal sections used as illustrations in 
this paper are not medial throughout their entire extent, but they approach 
this position as nearly as possible, and the developments indicated represent 


data from several hundred slides. 


OBSERVATIONS 


Figure 1 indicates the extent of primary root elongation in seedlings 
erown from seeds which had been exposed to soft x-rays for periods of 0, 15, 
30, 60, 90, and 120 minutes. The characteristic decrease in root length with 
inereasing doses of x-ray irradiation is shown. The average primary root 
lengths, including the hypocotyl, of seedlings of each lot, are listed in 
Table 1. 

TABLE 1 


Time of exposure to x-rays in minutes 
0 15 30 60 90 120 


Average length of primary root 
in centimeters 8.0 5.8 5.0 4.0 3.6 3.0 


The failure of lateral root formation related to x-ray treatments of seeds 
is also observed. A discussion of this has already been given (6). 

Medial longitudinal sections of the root tips of these seedlings, showing 
types of secondary wall thickenings of the xylem elements, are illustrated 
in figures 2-7. Figure 2 shows the occurrence of the vessel elements and the 
order of their formation in normal primary roots of Vicia faba seedlings. 
The relative range of prominence of each vessel type, as it appears in the 
roots of the seedling groups studied, is diagrammed in figure 8. 

In examining longitudinal root sections of the seedlings germinated 
from x-ray irradiated seeds, the most evident modification of the normal 
arrangement is the appearance of large pitted vessels in the most distal 
part; vessels of other types are found in the earlier formed regions above 
(figs. 3-7). If pitted vessels are associated with the least elongation of the 
structure in which they are forming, as is suggested by Stover, and if types 
formed before these indicate more extensive elongation, one is led to assume 
that the appearance of elements related to least elongation during later 
development indicates a decline in growth so far as elongation is involved. 

This implication becomes plausible when one considers the phenomenon 
of ‘‘delayved killing’’ or growth cessation (5) which occurs in seedlings from 
seeds given a medium dose of x-rays. After an apparently normal onset of 
germination, inasmuch as the radicles appear beyond the cotyledons at ap- 
proximately the same time in both control and treated seedlings, there is a 
progressive decline in rate of elongation resulting ultimately in death. The 
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Fig. 2. Medial longitudinal root tip section of a normal Vicia faba seedling showing 
the occurrence of vessel types. x 40 and 675, 
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Fig. 3. Medial longitudinal root tip section of a Vicia faba seedling grown from a 
seed x-ray irradiated at 30 kv., and 10 ma. for 15 minutes. x 20 and 675. 
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Medial longitudinal root tip section of a Vicia faba seedling grown from a 


seed x-ray irradiated at 30 kv., and 10 ma. for 30 minutes. x 20 and 675. 
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Fig. 5. Medial longitudinal root section of a Vicia faba seedling grown from a seed 


a x-ray irradiated at 30 kv., and 10 ma. for 60 minutes. x 20 and 675, 
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Fic. 6. Medial longitudinal root tip section of a Vicia faba seedling grown from a 


seed x-ray irradiated at 30 kv., and 10 ma, for 90 minutes, x 20 and 675, 
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Fic. 7. Medial longitudinal root tip section of a Vicia faba seedling grown from a 
seed x-ray irradiated at 30 kv., and 10 ma. for 120 minutes. x 20 and 675. 
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Fig, 8. Diagram showing the order and relative range of vessel types in the root tips 


of control Vicia faba seedlings and of seedlings grown from seeds x-ray irradiated at 30 
kv., and 10 ma. for 15, 30, 60, 90, and 120 minutes. 


total extent of elongation and the length of their germination period before 
subsequent decline are dependent upon the magnitude of the x-ray treat- 
ment. They are found to decrease with increasing treatments. It seems justi- 
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fiable to proceed further and to associate histological data with these external 
observations. 

It would be expected that indications of decline in extent of cellular 
elongation in the roots would appear first in the most recently formed ves- 
sels. This is observed in all seedlings from the x-ray treated seeds; in them, 
portions of the root tip have become completely permanent in aspect by the 
increasing presence of xvlem elements with pitted secondary wall thicken- 
ings. The effect is found to become more pronounced with higher x-ray 
treatments. It is very prominent in the root tip sections of seedlings grown 
from seeds irradiated for 60, 90 and 120 minutes (figs. 5, 6, 7). It seems 
quite possible, therefore, that there is a relationship existent between the 
decreasing total elongation of the apical portions of the root and the lignifi- 
cation of desmogen cells going on at that time. 

In these roots, it is observed that the inner walls of the young desmogen 
cells, show an immediate pitted lining of cytoplasm (figs. 3A, 4A), which 
with subsequent secondary wall thickening, forms the initial pitted vessel 
character. The fact that this pitted wall thickening is maintained can be 
related to the arrested elongation of surrounding cells. 

The occurrence of pitted vessels in the tips of roots of seedlings grown 
from x-ray treated seeds, may therefore be interpreted as indicating a 
period of declining growth so far as it includes elongation, and as portray- 
ing the time of initiation of this decline by the extent of these pitted ele- 
ments upward from the root apice. This suggests a turning point in normal 
elongation during the early part of germination to a decline resulting 
finally in a growth cessation. In the seedlings from seeds irradiated for 120 
minutes, growth cessation as recognized by the failure of a further increase 
in length was apparent when the material was taken for histological exami- 
nation, so that in them it is possible to inspect the extent of elongation dur- 


sé 


ing early germination and growth decline before ‘‘delayed killing’’ based 
on the types of secondary wall thickenings of the xylem elements. Other 
seedlings throughout the dose range of x-rays selected represent conditions 


é 


further removed from ‘‘delayed killing’’ as the treatment was decreased. 
All, however, show similar indications of a decrease in extent of cellular 
elongation by the presence of pitted wall thickenings in the most recently 
formed xylem elements. This information is diagrammed in figure 8. 

The manner of elongation in the roots of the treated seedlings indicated 
in normal elongation and in decline of elongation is also shown in the dia- 
gram. Normal elongation is recognized by the formation of the annular, 
spiral, scalariform and pitted vessels, as they may be, in the upper portion 
of the elongation region. Growth decline, climaxing with cessation of growth. 
based on the failure of further increase in length, is observed by the pres- 
ence of pitted vessels in the lower part of the region of root elongation. The 
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extent of normal growth is found to decrease, and the extent of growth 
decline is found to increase, with inereasing x-ray treatments. 

The observations are briefly summarized in the following paragraphs: 

1. Normal Vicia faba seedlings (fig. 2). Vessel formation starts with 
vacuolation of desmogen cells, causing the cytoplasm to form a pitted lining 
on the inner cell wall (fig. 2, A). The first vessel secondary wall thickening is 
annular, which is followed basipetally by spiral, scalariform, and _ pitted 
formations. These are considered to be related to the extent of elongation 
taking place in the region of the root in which they are being formed; an- 


nular and spiral in the region of rapid elongation, and scalariform and 


pitted in regions of slight elongation. 





Fig. 9, Modifications about the root tip meristem in seedlings grown from seeds x-ray 
irradiated at 30 kv., 10 ma., for 120 minutes. A. Extensive lignification with cavities con 
taining giant nucleus-like structures. x 450. B. Enlargement of a structure shown in A. 
x about 1000. 


9 Seedlings grown from seeds irradiated for 15 minutes (fig. 3). In the 
roots of these seedlings above the pitted vessels of the tip, a region of des- 
mogen strands is present but is less extensive than that observed in control 
roots. The first vessel type is represented by a few annular elements. Spiral 
and sealariform thickenings are far more abundant, and are followed by a 
prominent region of larger pitted vessels. 

3 Seedlings grown from seeds irradiated for 30 minutes (fig. 4). Above 
the pitted vessel present in the lowermost portion of the region of elonga- 
tion. desmogen cells with vacuolated cytoplasm are evident, but these are 
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rapidly followed by spiral vessels with scalariform and pitted elements 
appearing in regions above. No annular vessels are observed. 

4. Seedlings grown from seeds irradiated for 60 minutes (fig. 5). In 
roots of these seedlings few desmogen cells are found above the pitted ves- 
sels in the tip. Thickenings of the scalariform type appear very rapidly, 
and a great prominence of pitted vessels are found above. Annular and 
spiral elements are observed only occasionally in these roots. 

5. Seedlings grown from seeds irradiated for 90 minutes (fig. 6). The 
region of pitted vessels is very pronounced and extends upward in these 
roots for approximately 6.5 mm. This is followed by a few desmogen strands 
which soon show wall thickenings of the scalariform type. These, however, 
are considerably less in number than in preceding lots. The pitted vessels 
appearing next are found throughout the remaining part of the region of 
root elongation. 

6. Seedlings grown from seeds irradiated for 120 minutes (fig. 7). The 
vessel type in roots of these seedlings is almost completely pitted; a few 
scalariform elements are found approximately 8.5 mm. from the tip (fig. 
8). Further inspection of these roots indicates a very extensive lignification 
of the tip, in which cavities are observed containing large structures which 
seem to represent giant nuclei. These structures are shown in figure 9, but 
no explanations are attempted here. The very pronounced curling of the 
root tip appears characteristically in seedlings irradiated with this dose of 
X-rays. 


SUMMARY 


1. Roots of Vicia faba seedlings grown from unsoaked seeds irradiated 
with soft x-rays, show a decreasing total elongation as increasing doses of 
x-rays are employed. 

2. A histological study of such roots and of control roots affords ade- 
quate data to demonstrate experimentally that the type of wall thickening 
found in vessels is determined by the extent of elongation in surrounding 
tissues. 

3. After the onset of ‘‘delaved killing’’ in seedlings grown from x-ray 
irradiated seeds, evidenced by a decline in growth as it involves elongation, 
only pitted vessels are formed. This is apparently related to a markedly 
decreased extent of elongation of cells surrounding the vessels. 

DEPARTMENTS OF BoTANYy AND Puysics, UNIVERSITY OF CINCINNATI 

CINCINNATI, OHIO 
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SOMATIC CHROMOSOMES OF ACONITUM NOVEBORACENSE 
AND A. UNCINATUM' 


DorotHuy J. LONGACRE 


The reduced chromosome number of Aconitum napellus was reported as 
12 by Overton (7). Osterwalder (6), presumably working with the same type 
of material, also reported the haploid number for this species to be 12. Lang- 
let (4) reported the chromosome number for a series of aconites in which he 
listed the diploid number as 16. Since the basic number has been established 
as 8, it is evident that Overton and Osterwalder were dealing with triploid 
aconites and not with diploid plants. Afify (1) reported A. napellus as a 
tetraploid having a chromosome number of 32. Schafer and La Cour (8) 
tabulated the chromosome number for the aconites of the blue-flowered group 
(Eu-Aconitum) as follows: diploids with 16 chromosomes, triploids with 24, 
tetraploids with 32, hexaploids with 48, and octoploids with 64. The diploid 
chromosome number of A. noveboracense was reported by Bonisteel (2) 
as 16. 

The purpose of this study was to determine the chromosome number of 
the species of aconites which are indigenous to the Appalachian Mountains 
of the eastern United States. It was possible to obtain authenic material of 
only A. noveboracense (Gray) and A. uncinatum (LL). 


MATERIALS AND METHODS 


Dormant tubers of A. noveboracense were collected along the Beaverkill 
in the Catskill Mountains in October 1940 and tubers of A. uncinatum were 
obtained from E. C. Robbins, Ashford, N. C. The dormant tubers of both 
species were potted and maintained in a resting condition until January 
when growth was resumed. 

Root tips were fixed in Craf’s modification of Nawaschin Fluid, F.A.A., 
and 2 Be of Schafer and La Cour. All of these fixatives proved to be satis- 
factory but most of the material was fixed with the Craf modification. See- 
tions were cut from 10 to 15 microns thick and were stained by the iodine- 
gentian-violet technique and also by the iron-alum-hematoxylin methods. 
Warmke’s modification of Belling’s aceto-carmine smear method was used 
on root tips. Aceto-oreein (0.5 per cent in 45 per cent acetic acid) was also 
used, It was found that smears made with aceto-orcein were clearer than 
those made with aceto-carmine. 

1 The writer wishes to express her appreciation to Professor Wm. J. Bonisteel for 


materials used in this study and to Professor C, A. Berger, 8.J., for constructive criticism 
and suggestions. 
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The metaphase plates and idiograms were outlined and partially drawn 
by the use of the camera lucida. For finer details of chromosome structure 
the smears made with aceto-orcein proved to be the most satisfactory. The 
photomicrographs were made with an oil immersion lens at a magnification 


of 450 diameters and subsequently enlarged to 1350 diameters. 


OBSERVATION AND DISCUSSION 


Examination of fixed and stained preparations and of root tip smears of 
A. noveboracense and A. uncinatum proved that the diploid chromosome 
number in somatie tissues is 16. This confirms the results of previous workers 
(2, 4, 8) that the basic number for these plants is 8. There is no evidence in 
well fixed preparations of any variation in the chromosome number of indi- 
viduals of these species. It is assumed that the meiotic behavior of these 
plants is normal since they set seed freely in their native habitats. Seeds were 
also collected from the plants growing in the greenhouse. 

In root tips of Sparks aconite, a triploid species, Bonisteel found the 
chromosome number of certain sectors to be twice the number of the normal 
somatic count. Schafer and La Cour also reported that the two diploid spe- 
cies, A. transsectum and a clone of A. vulparia, had tetraploid sectors pres- 
ent with diploid somatic tissue. The two species of plants under investigation 
were carefully examined for any sectors that would show an increase in the 
normal chromosome complement that might be due to a failure of spindle 
formation and the subsequent production of sectors which are of chromo- 
somal chimeras. It is to be noted that the spontaneous origin of such sectors 
in normal somatic tissues might have a bearing upon the extended polyploid 
series of plants that occur in the normal range and distribution of the 
aconites. 

The somatic chromosomes of A. noveboracense (2n 16) are shown in 
figure 6 from an equatorial plate preparation at metaphase. The comparable 
chromosomes of A. uncinatum (2n = 16) are shown in figure 7. 

The total chromosome length of A. noveboracense was found to be 94.8 
microns and that of A. uncinatum to be 103 microns. The chromosome 
lengths recorded for the two species studied in this investigation agree with 
the findings of other workers. Schafer and La Cour calculated the total 
length of all chromosomes in the species that they studied and found that 
a difference exists between the chromosome length in the blue-flowered 
aconites (section Eu-Aconitum) and the yvellow-flowered aconites (section 
Lycoctonum). They conclude from their studies that total chromosome 
length appears to give no clue to the systematic position of the aconites. The 
average chromosome length in the blue-flowered group listed by Schafer 
and La Cour was between 80.6 and 96.8 microns. A. noveboracense and A. 


uncinatum belong to the section Eu-Aconitum. The total chromosome length 
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Fig. 1. A. noveboracense. Anaphase showing the satellites on chromosome 3. Smear 
method of Warmke and Belling. Aceto-oreein smear. x 1350. Fig. 2. A. noveboracense. 
Early anaphase showing one satellited chromosome and constrictions on the chromosomes 
that are in focus. Aceto-oreein smear method. x 1350. Fig. 3. A. uncinatum, Early ana- 
phase showing constrictions at the spindle attachment region and secondary constrictions 
in both arms in chromosome 2. Aceto-oreein smear method. « 1350. Fig. 4. A. novebor 
acense. Idiogram with one set of chromosomes. Fig. 5. A. uncinatum, Idiogram with one 
set of chromosomes. Fa. 6. A. noveboracense. Metaphase plate from root tip. Fixed in 
Craf and stained with iodine-gentian-violet. Fig. 7. A. uncinatum. Metaphase plate from 
root tip. Fixed in Craf and stained in iron-alum-hematoxylon. 
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of A. noveboracense bears out the findings of Schafer and La Cour but that 
of A. uncinatum is somewhat greater as reported here. 
When the idiogram of A. noveboracense (fig. 4) is compared with that 


of A. uncinatum (fig. 5) it is found that the chromosomes fall into a definite 
pattern in which 1, 2, 3, and 4 chromosomes from each species are character- 
ized by their extreme length in comparison with the three or four other chro- 
mosomes of each species which are much shorter. Only one set of chromo- 
somes is shown in figures 4 and 5. In A. noveboracense the chromosomes 
range in size from 12.9 to 1.2 microns, and in A. uncinatum from 9.2 to 3.2 
microns. The individual chromosome lengths are given in the following 
table: 


Chromosome designated 1 2 3 4 5 6 7 8 
A. noveboracense 129 72 6.7 65 56 40 3.3 12 microns 
A. uncinatum 92 91 88 82 44 44 42 3.2 microns 


As Longley (5) has pointed out, length measurements of chromosomes 
are exceedingly useful both for identification and for comparison, but they 
must be used with caution because of the uncertainty that chromosomes are 
in the same phase in different cells. Moreover, the degree of chromosome con- 
traction varies with the kind of fixative used. 

The spindle attachment region varies from terminal or subterminal to 
median. Darlington (3) states that Aconitum and Aucuba are exceptional 
plants in having long attachment constrictions in place of the short con- 
strictions found in most plants. In chromosome 2 of A. uncinatum (fig. 3), 
as shown in smear preparations, the region of spindle attachment is ex- 
tremely long. The secondary constrictions are also longer than those nor- 
mally found. Darlington illustrates this type of constriction in aconite chro- 
mosome forms at mitosis. 

Satellites were found in both species of aconites studied. In A. nove- 
boracense one large satellite was found on chromosome 3 in figure 4 and 6. 
In late anaphase (fig. 1) the two satellites are shown while in figure 2 the 
same satellited chromosome is shown at an earlier stage. In A. uncinatum 
(fig. 5 and 7) one small satellite is illustrated on chromosome 8. Satellites 
were more clearly defined in smear preparations where the chromatin mate- 
rial was well spread. 


SUMMARY 


1. The somatic chromosome number of A. noveboracense and A. unei- 
natum is 16 (2n=16). 

2. Both A. noveboracense and A. uncinatum have 8 distinet types of 
chromosomes; four of these are long and four are short. 

3. The extreme length of the secondary constrictions of A. noveboracense 
and A. uncinatum confirm the reports of Darlington that aconites in general 
are characterized by longer secondary constrictions than most plants. 
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4. A. noveboracense has one chromosome with a satellite and A. unei- 


natum has one short chromosome with a satellite. 
5. The idiograms of A. noveboracense and A. uncinatum are compared 


as to chromosome size and shape. 
BIOLOGICAL LABORATORIES, FORDHAM UNIVERSITY 
New York, N. Y. 
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STUDIES IN THE ERICALES: A NEW NAME IN BLUEBERRIES 
W. H. Camp 


It has recently been demonstrated that the low-growing, glaucous, ever- 
green, eglandular blueberry of the Gulf Coast is a basic, archetype diploid, 
and that the species (Vaccinium myrsinites) with which it has long been 
associated as a variety is an allotetraploid derived only in part from this 
species, W hile this in itself is scarcely enough to warrant recognition of both 
as different species, the characters which separate the two are quite as good 
as those traditionally accepted by more cautious students between other 
species of the genus. It is admitted that plants may be found, especially in 
western Florida, which seem to bridge the gap between V. myrsinites and 
this species. This, however, is primarily the result of a peculiar type of genie 
saltation within the allotetraploid V. myrsinites population. This phenome- 
non will be discussed in more detail in another placé. Being preoccupied as 
a specific name in the genus, the name of the variety cannot be raised in rank. 
The following new name is therefore proposed : 

Vaccinium darrowi Camp, nom. nov. Vaccinium myrsinites var. glau- 
cum A, Gray, Synop. Fl. N. A. 2: 21. 1878. 

The species is named in honor of Dr. George M. Darrow of the United 
States Department of Agriculture who has been actively interested in clari- 
fving the biological situation underlying those blueberries which are par- 
ticularly promising for breeding. It is due in great part to his efforts that 
we have learned of the genetic situation, not only in the present species 
under consideration, but in other and more perplexing Vaccinium popula- 
tions. 

Tue New York BoranicaL GARDEN 
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A NEW CAMPANULA FROM IDAHO 
Rogers McVauGu 


The mountainous areas of central Idaho are still relatively inaccessible 
and are, as a consequence, not well known botanically. It is therefore of 
peculiar interest that I am able to present evidence of the general occurrence 
in this region of a Campanula which appears to be endemic. The plant in 
question, so far as may be ascertained, is closely related to Campanula parryi 
A. Gray, which occurs in mountainous areas from southern Wyoming to 
northern New Mexico, west to southern Utah and northern Arizona. Al- 
though the known ranges of the two plants are not contiguous, the differ- 
ences between them do not seem to be fundamental ones, and the Idaho plant 
may be designated as a variety of C. parryi. Typical Campanula parryi 


may then be called var. parryi.” 


(‘AMPANULA PARRYI Var. IDAHOENSIS Mc Vaugh 


Plants perennial, glabrous except for the bases of the leaves of vegetative 
shoots and those of the lowermost leaves of the flowering stems (hypanthium 
sometimes pubescent). Rootstocks slender, much branched, the branches 
terminating in rosette-like clusters of leaves from which arise in summer, by 
elongation of the axes, the flowering stems. Flowering stems erect, 0.5—1.5 
mm. in diameter at base, often with strongly ascending branches, few—35 
em. high, clustered from adjacent branches of the rootstock, usually one only 
arising trom each branch. Leaves cauline and basal, few—15 on each stem. 
the lower sometimes approximate. Uppermost cauline leaves usually bract- 
like, linear or narrowly elliptic, 0.3-1.0 (2) mm. wide, 2-10 (25) mm. long, 
entire, blunt or acute. Middle cauline leaves linear to lanceolate, elliptic, or 
oblanceolate, mostly 2-5 mm. wide, 2—5 em. long, acute or blunt at tip, some- 
what narrowed or attenuate at base, entire or remotely and minutely callose- 
denticulate, the teeth usually not apparent to the unaided eve. Basal 
(rosette) leaves and lowermost cauline leaves elliptic, oblanceolate or occa- 
sionally obovate, rounded at tip, the base merely acute or attenuate and sub- 
petiolate; petiole-like bases (at least of the rosette leaves) with stiff white 
cilia on the margins. Blades of these leaves 3-12 mm. wide, 7-28 mm. long, 
including petiolar base, usually 2-3 (5) times as long as wide, often remotely 
denticulate but the teeth usually not apparent to the unaided eve. Margins 


1 Campanula parryi A. Gray, var. idahoensis McVaugh, var. nov., a planta typica 
foliis integris, lobis calycis maturi 2-6 (raro 9) mm. longis integris, pedunculis termi- 
nalibus 0.2-1.5 (raro 5) em. longis, corollis 9-15 mm. longis differt. Type: ‘‘Swamp Lake, 
on trail from Kooskooska Meadows to Friday’s Pass, Selway Forest, Idaho, 7000 ft.,’’ 
J. E. Kirkwood & J. W. Severy 1638, August 26, 1923; in the Herbarium of Montana State 
University, Missoula. 

2 Campanula parryi A. Gray, var. parryi MeVaugh, nom. nov. Campanula parryi A. 
Gray, Syn. Fl. ed. 2, 21: suppl. 395. 1886. 

241 











242 BULLETIN OF THE TORREY CLUB (VOL. 69 


of all leaves usually thickened and minutely papillose-roughened. Flowers 
erect or slightly nodding, terminating the stems, the uppermost leaf (bract) 
2-15 (rarely 50) mm. below the flower which terminates the main axis. 
Additional flowers, if present, 1-3, terminating the axillary branches. Hy- 
panthium in anthesis cup-shaped, campanulate or obconic, glabrous, or 
sparsely or densely beset with short white flaccid hairs, 2-4 mm. long, usually 
slightly longer than broad when pressed, rounded or attenuate at base but 
usually with an abrupt break between hypanthium and peduncle. Capsule 
erect, campanulate, turbinate or ellipsoid, broadest at or above the middle, 
about 3 mm. in diameter by 7-11 mm. long, wholly inferior, attenuate or 
abruptly rounded at base, opening near the summit by three upcurled valves. 
Seeds ellipsoid-lenticular, about 1 mm. long, brown, very minutely lined. 
Calyx-lobes narrowly triangular or subulate, acute, entire, 1-2.5 mm. wide 
at base, 2-6 mm. long in anthesis, usually elongating in fruit, becoming (3) 
6-9 mm. long; lobes appressed or somewhat spreading in flower and fruit. 
Corolla glabrous, broadly campanulate, 9-15 mm. long, the width when 
pressed usually equalling the length or slightly exceeding it. Lobes 3—6.5 
mm. long, one-third to one-half the length of the whole corolla, ovate-deltoid, 
acute or apiculate, the sinuses V-shaped. Style 7-13 mm. long, straight, 
divided 1.5—-2.5 mm., roughened distally more than half its length (5-8 mm.). 
Anthers glabrous, linear, straight, 45.5 mm. long. Filaments 1.5—2 mm. long, 
the expanded basal part rounded, ciliate, 1-1.5 mm. long, the linear distal 
part hyaline, about 0.5 mm. long. 


Most of the species of the genus Campanula are notable for extreme 
variation in size of corolla, in number of flowers per plant, and in habit. 
Definitive characters pertaining to species differentiation often reside in the 
fruit only. For these reasons most herbaria contain numerous wrongly deter- 
mined specimens of Campanula which have been identified while in flower 
only, or identified by means of keys based upon vegetative characters or 
those of the flower alone. It is thus thought desirable to present at this point 
a key for the separation of the species with which Campanula parryi may 
be confused. In the Rocky Mountain region, at high altitudes, there oecur 
three species, all of which occasionally bear but a single flower; C. uniflora 
regularly produces but one flower on each stem, but it is clearly unsafe to 
refer a plant to this species by this character alone, as C. parryi and C. 
rotundifolia, especially under adverse conditions of habitat, may do the same 
thing. 


KEY TO THE SPECIES OF CAMPANULA OF THE ROCKY MOUNTAIN 
REGION, SOUTH OF THE CANADIAN BORDER 


1. Anthers 1.5-2.5 mm. long; flower regularly 1 only, erect; capsule erect, 
opening by valves near the summit C. uniflora 1.. 
1. Anthers 4—6.5 mm. long 2 


2. Bases of the rosette leaves and lower cauline leaves ciliate with white 
hairs up to 0.7 mm. long, the plants otherwise glabrous; flower 
regularly 1 only (or with 1-4 additional flowers on subordinate 
lateral branches) ; flower and capsule erect, the latter opening by 
valves near the summit (C. parryi) 3 
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3. Leaves and calyx-lobes entire, the teeth, if any, scarcely visible to 
the unaided eye; calyx-lobes 2-6 (9) mm. long in fruit; corolla 
9-15 mm. long, the principal peduncle 0.2-1.5 (rarely 5) em. 
long var. idahoensis 
3. Calyx-lobes and at least some of the leaves usually with teeth 
plainly visible to the unaided eye; calyx-lobes (6) 10-15 
mm. long in fruit; corolla (9) 15-23 mm. long, the principal 
peduncle usually 3-5 em. long var. parryi 
2. Plants glabrous or hispidulous, the leaf-bases never long- ciliate but 
at most with hispid margins, the processes up to 0.2 mm. long; 
flowers regularly numerous, sometimes one only; capsule nodding, 
opening by valves at base; flowers erect or nodding C. rotundifolia L. 


It should be noted that I am including under Campanula rotundifolia 
all the plants which have passed as (. petiolata A. DC., as well as C. mac- 
dougalii Rydb. and C. sacajaweana M. E. Peck. I have examined the type 
specimens of the two latter, and in my judgment neither is sufficiently dis- 
tinct to be set up as a distinct species. 

I have seen the following material of C. parryi var. idahoensis: 


IDAHO—ADAMS co.: Pyramid Peak, Weiser N. F., Christ 8684, Aug. 8, 
1937 (herb. of J. H. Christ). mano co.: Hoodoo Lake, 18 mi. s.e. of Powell 
R. S., Christ 12807 July 21, 1941 (U. 8S. National Arboretum) ; dry moun- 
tain top near Powell R. S., RI4E, T 35N, R. J. Davis 3629, June 29, 1941 
(herb. Univ. of Idaho, Pocatello) ; Buffalo Hump, near Orogrande, in tun- 
dra, Christ 11606, July 31, 1940 (herb. Christ) ; Monroe Creek, trail crossing 
in Clearwater Forest, Kirkwood 2002, Aug. 26, 1924 (herb. Mont. State) ; 
near Friday’s Pass, 7000 ft., Kirkwood & Severy 1649, Aug. 26, 1923 (herb. 
Mont. State) ; Friday’s Pass, 7940 ft., Kirkwood & Severy 1639 (herb. Mont. 
State); trail from Kooskooska Meadows to Friday’s Pass, Swamp Lake, 
Kirkwood & Severy 1637 and 1638 (Type) (both in herb. Mont. State). 

MonTANA—MISSOULA CO.: Lolo Road, sunny site, hillside, PF. H. Rose 528 
July 19, 1938 (U.S. National Arboretum). 
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NEW COMBINATIONS AND NEW NAMES IN THE 
UMBELLIFERAE—II' 


Miuprep E. Matutas anp LINCOLN CONSTANCE 


Lomatium Raf. Journ. Phys. 89: 101. 1819. Cogswellia Spreng. in 
Linn. Syst. Veg. ed. Roem. & Schult. 6: 48. 1820. Euryptera Nutt. ex 
Torr. & Gray, Fl. N. Am. 1: 629. 1840. Leptotaenia Nutt. ex. Torr. & 
Gray, op. cit. p. 629. Leibergia Coult. & Rose, Contr. U. S. Nat. Herb. 3: 
979. 1896. Cynomarathrum Nutt. ex Coult. & Rose, Contr. U. S. Nat. 
Herb. 7: 244. 1900. Cusickia Jones, Contr. West. Bot. 12: 39. 1908. 
Peucedanum and Ferula of American authors, not of Linn. 1753. 

The genera Lomatium and Leptotaenia have been kept distinct by all 
authors treating the American Umbelliferae. The diagnostie differences 
were summarized by Coulter and Rose? as follows: ‘‘Peucedanum [to 
which the species of Lomatium were then referred] also differs in its 
membranous lateral wings, which are strongly nerved on the ventral face 
at the inner margin, in the absence of a longitudinal ridge on the com- 
missural surface, and in the often solitary oil-tubes. In the case of those 
species of Peucedanum which have more than one oil-duct in the intervals, 
the decidedly membranous wings are in sharp contrast with those of 
Leptotaenia. . . .’? Subsequent writers have combined the nature of the 
fruit wings with features of habit and size to distinguish the two 


semblages of species. 


as- 


The longitudinal ridge on the commissural surface of the mericarps is 
to be found in many if not all of the species of Lomatium as well as in those 
of Leptotaenia, and the wing-nervation appears to have little reliability. 
Solitary oil tubes are characteristic of Leptotaenia Leibergi Coult. & Rose. 
L. minor Rose and L. salmoniflora Coult. & Rose. As to habit. the species 
of Leptotaenia are usually stated to be tall, stout and ecaulescent. with 
broad leaves, whereas the species of Lomatium are described as less stout, 
low and acaulescent or nearly so, with smaller leaves. It is true that Lepto- 
taenia dissecta Nutt. and its var. multifida (Nutt.) Jepson, L. purpurea 
(Wats.) Coult. & Rose and L. californica Nutt. are all tall. stout and 
caulescent with very broad leaves. However, Lomatium Suksdor fii 
(Wats.) Coult. & Rose and its var. Thompsonii Mathias and L. triter- 
natum (Pursh) Raf. vars. anomalum (Jones) Mathias and macrocarpum 
(Coult. & Rose) Mathias are equally large, robust and caulescent. with 
leaves of comparable size. Leptotaenia anomala Coult. & Rose. L. Brad- 
shawiti Rose, L. Leibergi, L. minor, L. salmoniflora and L. Watsonii Coult. 


1 The first paper of this series was published in Bull. Torrey Club 68: 121-124. 1941. 
2 Rev. N. Am. Umbel. 51. 1888. 
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& Rose, on the other hand, are all relatively small plants, which are either 
acaulescent or short-caulescent, and provided with proportionately small 
leaves. 

The habital similarity between certain species customarily assigned to 
Leptotaenia and others retained in Lomatium is both striking and con- 
fusing. Thus, Leptotaenia anomala is searcely distinguishable in flower 
from Lomatium caruifolium (Hook. & Arn.) Coult. & Rose and Lomatium 
marginatum (Benth.) Coult. & Rose, and all are closely related by their 
several, obscure oil tubes and semi-orbicular or obovate fruit. Leptotaenia 
Bradshawii is habitally very similar to Lomatium leptocarpum (Nutt.) 
Coult. & Rose, and grows in nearly identical habitats—moist swales. Lep- 
totaenia salmoniflora is seareely separable from Lomatium Grayi Coult. & 
Rose unless either fresh flowers or ripe fruit are present. Leptotaenia 
Leibergi so closely resembles such bulbous species of Lomatium as L. 
Canby: Coult. & Rose that it had been previously described as Peuce- 
danum (Lomatium) Hendersoni Coult. & Rose. It is clear from the above 
that differences in habit may permit the separation of certain species of 
the two genera from each other, but does not in itself render the two 
groups of species generically distinct. 

We must necessarily turn, then, to a re-examination of the characters 
of the fruit, which have furnished the chief technical grounds for retain- 
ing the two genera. The typical Leptotaenia fruit, that found in Lepto- 
taenia dissecta and var. multifida, L. purpurea and in most plants of 
L. californica, superficially resembles a pumpkin seed: the wings are very 
thick and corky, and form a prominent, narrow border to the mericarp. 
in L. Leibergi, L. minor, L. salmoniflora and L. Watson: the dorsal sur- 
face of the mericarp and of the wing are uniformly brown in color, with 
the result that the only slightly thickened wing is scarcely visible unless 
the ventral surface or a transverse section of the mericarp is examined. 
The fruit of L. anomala is very much like that of Lomatium caruifolium, 
which has ‘‘thickish’’ wings, and L. marginatum, except that it is some- 
what more corky-thickened. Leptotaenia californica is remarkable for the 
fact that fruit from the southern portion of the range has the ‘‘ pumpkin 
seed’’ form, while that from the northern limits is similar, but thin- 
winged. The traditional generic distinction thus breaks down in this one 
species. 

It seems evident that the single technical distinction of wing thickness 
has been over-emphasized to keep apart under Leptotaenia an unnatural 
group of species, the members of which show close relationships to differ- 
ent species of Lomatium. Accordingly, we find it necessary to incorporate 
Leptotaenia in the genus Lomatium. This change requires the following 
new combinations and new names, the first of which has already been 
indicated in our herbarium by Dr. Robert F. Hoover. 
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Lomatium humile (Coult. & Rose) Hoover, comb. nov. Leptotaenia 
anomala Coult. & Rose, Rev. N. Am. Umbel. 53. 1888, not Lomatium 
anomalum Jones, 1900. Leptotaenia humilis Coult. & Rose, Contr. U. 8. 
Nat. Herb. 7: 200. 1900. Leptotaenia humilis var. denticulata Jepson, 
Madrono 1: 146. 1923. Lomatium caruifolium var. denticulatum Jepson, 
op. cit., p. 151. 1924. 


Lomatium Bradshawii (Rose ex Mathias) Mathias & Constance, comb. 
nov. Leptotaenia Bradshawii Rose ex Mathias, Lfits. West. Bot. 1: 101. 
1934. 


Lomatium dissectum (Nutt.) Mathias & Constance, comb. nov. Lepto- 
taenia dissecta Nutt. ex Torr. & Gray, Fl. N. Am. 1: 630. 1840. Lepto- 
taenia dissecta var. foliosa Hook. Lond. Journ. Bot. 6: 236. 1847. Cyn- 
apium Bigelovii Torr. Pacif. RR. Rept. 4: 94. 1856. Ferula dissecta 
Gray, Proc. Am. Acad. 7: 348. 1868. Ferula dissoluta Wats. in Brewer & 
Wats. Bot. Calif. 1: 271. 1876. Leptotaenia foliosa Coult. & Rose, Contr. 
U. S. Nat. Herb. 7: 198. 1900. 


LOMATIUM pissEcTUM (Nutt) Mathias & Constance var. multifidum 
(Nutt.) Mathias & Constance, comb. nov. Leptotaenia multifida Nutt. ex 
Torr. & Gray, Fl. N. Am. 1: 630. 1840. Ferula multifida Gray, Proe. Am. 
Acad. 7: 348. 1868. Leptotaenia Eatoni Coult. & Rose, Rev. N. Am. 
Umbel. 52. 1888. Leptotaenia multifida var. Eatoni Jones, Contr. West. 


Bot. 12: 40. 1908. Leptotaenia dissecta var. multifida Jepson, Madrono 
1: 145. 1923. 


Lomatium columbianum Mathias & Constance, nom. nov. Ferula pur- 
purea Wats. Proc. Am. Acad. 21: 453. 1886, not Lomatium purpureum A. 
Nels. 1901. Leptotaenia purpurea Coult. & Rose, Rev. N. Am. Umbel. 52. 
1888. 

Lomatium salmoniflorum (Coult. & Rose) Mathias & Constance, comb. 


nov. Leptotaenia salmoniflora Coult. & Rose, Contr. U. S. Nat. Herb. 7: 
201. 1900. 


Lomatium minus (Rose) Mathias & Constance, comb. nov. Leptotaenia 
minor Rose ex Howell, Fl. N. W. Am. 1: 251. 1898. Cusickia minor 
Jones, Contr. West Bot. 12: 40. 1908. 


Lomatium cuspidatum Mathias & Constance, nom. nov. Leptotaenia 
Watsoni Coult. & Rose, Rev. N. Am. Umbel. 52. 1888, not Peucedanum 
Watsoni Coult. & Rose, 1888, nor Lomatium Watsoni Coult. & Rose. 1900. 


Lomatium californicum (Nutt.) Mathias & Constance, comb. nov. Lep- 
totaenia californica Nutt. ex Torr. & Gray, Fl. N. Am. 1: 630. 1840, not 
Peucedanum californicum Nutt., 1840, nor Coult. & Rose, 1888. Ferula 
californica Gray, Proce. Am. Acad. 7: 348. 1868. Leptotaenia californica 
var. platycarpa Jepson, Erythea, 1: 8. 1893. Leptotaenia californica var. 
dilatata Jepson, op. cit., p. 63. 


PopisterA Wats. Proc. Am. Acad. 22: 475. 1887. Ligusticella Coult. & 
Rose, Contr. U. S. Nat. Herb. 12: 445. 1909. Orumbella Coult. & Rose. 
op. cit., p. 446. 
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In a recent paper,’ the authors pointed out the untenability of the 
genus Orumbella and transferred its sole species to Ligusticella, hitherto 
also represented by a single species. It was surprising, therefore, to be 
unable to find valid generic characters to separate Ligusticella, thus re- 
constituted, from Podistera, a third reputedly monotypic genus. Podistera 
is based upon P. nevadensis (Gray) Wats., a species first questionably 
referred to Cymopterus Raf. by Gray, who had at hand only inadequate 
material. The senior author has already suggested* that Podistera differs 
markedly from Cymopterus in the possession of a stylopodium and in the 
lack of wing-development of the fruit. The compression of the fruit, more- 
over, is lateral in Podistera and dorsal in Cymopterus, which indicates 
that these genera are scarcely consanguine. On the other hand, Podistera 
agrees with Ligusticella in these and all other important diagnostic fea- 
tures. We are thus forced to combine the three supposedly monotypic 
genera into a single genus. The resultant genus has a remarkable distribu- 
tion, with one species in Alaska, a second alpine in California, and the 
third alpine in Colorado. The following new combinations are needed : 


Podistera Eastwoodae (Coult. & Rose) Mathias & Constance, comb. nov. 
Ligusticum Eastwoodae Rose ex Eastw. Zoe 4: 17. 1893, nomen nudum; 
Coult. & Rose, Contr. U. S. Nat. Herb. 3: 320. pl. 73. 1895. Ligusticella 
Eastwoodae Coult. & Rose, Contr. U. S. Nat. Herb. 12: 445. 1909. 

Podistera Macounii (Coult. & Rose) Mathias & Constance, comb. nov. 
Ligusticum Macounii Coult. & Rose, Contr. U. 8S. Nat. Herb. 1: 289. pl. 23. 
1893. Orumbella Macounii Coult. & Rose, Contr. U. S. Nat. Herb. 12: 
446. 1909. Ligusticella Macounii Mathias & Constance, Bull. Torrey Club 
68: 123. 1941. 

PrionosciApIUM Wats. Proc. Am. Acad. 23: 275. 1888. Langlassea 
Wolff ex Fedde, Repert. 9: 420. 1911. 

PRIONOSCIADIUM THAPSOIDES (DC.) Mathias var. Pringlei ( Wats.) 
Mathias & Constance, comb. nov. Prionosciadium Pringleit Wats. Proe. 
Am. Acad. 23: 276. 1888. 

Preryx1a Nutt. ex Coult. & Rose, Contr. U. S. Nat. Herb. 7: 170. 1900. 
Cymopterus § Pteryria Nutt. ex Torr. & Gray, Fl. N. Am. 1: 624. 1840. 
Pseudopteryria Rydb. Bull: Torrey Club 40: 71. 1913. Pseudoreoxis 
Rvdb. op. eit., p. 73. 


Three species, which have heretofore collectively found a place in 
Pseudocymopterus Coult. & Rose and have individually been referred also 
to Cymopterus, Aletes Coult. & Rose and Pseudopteryria, have not ex- 
hibited complete conformity with any of these groups. The habit, the 
prominent rather than obsolete to evident calyx lobes and the membranous 
rather than spongy wings of the fruit relate these species more closely to 


} Bull. Torrey Club 68: 123. 1941. 
4 Ann. Mo. Bot. Gard. 17: 221, 245, 248. 1930. 
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Pteryria than to the type species of Pseudocymopterus. We believe that 
referring these species to Pteryria will result in a more natural classifica- 
tion. The following transfers are required: 


Pteryxia anisata (Gray) Mathias & Constance, comb. nov. Cymopterus 
? anisatus Gray, Proce. Acad. Phila. 1863: 63. 1864. Pseudocymopterus 
anisatus Coult. & Rose, Rev. N. Am. Umbel. 75. 1888. Pseudocymopterus 
aletifolius Rydb. Bull. Torrey Club 31: 574. 1904. Pseudopteryria 
anisata Rydb. Bull. Torrey Club 40: 71. 1913. Pseudopteryxia aletifolia 
Rydb. op. eit., p. 72. 

Pteryxia Hendersoni (Coult. & Rose) Mathias & Constance, comb. nov. 
Pseudocymopterus Hendersoni Coult. & Rose, Contr. U. S. Nat. Herb. 7: 
190. 1900. Pseudopteryria longiloba Rydb. Bull. Torrey Club 40: 72. 
1913. Pseudopteryria Hendersoni Rydb. Fl. Rocky Mts. 624, 1064. 1917; 
ed. 2. 624. 1922. Pseudocymopterus anisatus var. longilobus Tidestrom, 
Contr. U. S. Nat. Herb. 25: 399. 1925. (Fl. Utah & Nevada). 

Pteryxia Davidsoni (Coult. & Rose) Mathias & Constance, comb. nov. 
Aletes ? Davidsoni Coult. & Rose, Contr. U. S. Nat. Herb. 7: 107. 1900. 
Pseudocymopterus filicinus Wooton & Standl. Contr. U. S. Nat. Herb. 16: 
158. 1913. Pseudocymopterus Davidsoni Mathias, ‘Ann. Mo. Bot. Gard. 
17: 282, 316. 1930. 
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The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the word 
America being used in the broadest sense. 

Papers that relate exclusively to bacteriology, forestry, agriculture, horti- 
culture, manufactured products of vegetable origin, or laboratory methods are 
not included. If users of the Index will call the attention of the editor to errors 
or omissions, their kindness will be appreciated. 

This Index is reprinted monthly on cards, and furnished in this form to sub- 
seribers at the rate of three cents for each card. Selections of ecards are not 
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the Treasurer of the Torrey Botanical Club. 


PLANT TAXONOMY AND FLORISTICS 
(exclusive of fungi) 
(See also under Morphology : Williams ; Withner. Under Genetics : 
Baldwin & Culp; Hubricht & Anderson) 

Andrews, A. L. Notes on the Warnstorf Sphagnum Herbarium, III. The sub- 
genus Jnophloea in South America. Bryologist 44: 155-159. D 1941. 

Bailey, L. H. Species Batorum, the genus Rubus in North America (north of 
Mexico). IV. Section 5. Verotriviales, titulus novus. Southern Dewberries. 
Gentes Herb. 5: 201-228, f. 84-97. D 1941. 

Benson, L. The mesquites and screw-beans of the United States. Am, Jour. Bot. 
28: 748-754. pl. 1. 12 D 1941. 

Blake, 8. F. State and local fern floras of the United States. Am, Fern Jour. 31: 
131-143, O-D 1941. 

Blomquist, H. L. & Oosting, H. J. A guide to the spring and early summer flora 
of the Piedmont, North Carolina. i-xvi, 1-144. Seeman Printery, Durham, 
N. C., 1940. 

Boerger, A. Recursos vegetales del Uruguay. Chron. Bot. 7: 27-29. Ja 1942. 

Cabrera, A. L. Compuestas bonaerenses revisién de las Compuestas de la pro 
vincia de Buenos Aires la capital federal y la isla Martin Garcia. Rev. Mus, 
La Plata N.S. 4 See. Bot.: 1-450. pl. 1-10 + f. 1-145. 16 O 1941. 

Cardenas, M. Aspecto general de la vegetacién de Bolivia. Chron. Bot, 6: 452- 
454. D 1941. 

Clausen, R. T. Studies in the Crassulaceae—III. Sedum, subgenus Gormania, 
section Eugormania, Bull. Torrey Club 69: 27-40. f. 1-3. Ja 1942. 

Clausen, R. T. Studies in the Gentianaceae: Gentiana, section Pneumonanthe, 
subsection Angustifoliae. Bull. Torrey Club 68: 660-663. f. 1. 1 D 1941. 

Copeland, E. B. Gleicheniaceae of New Guinea. Philippine Jour. Sei. 75: 347- 
360. pl. 1-6. Au 1941. 

Copeland, E. B. Miscellaneous ferns of New Guinea. Philippine Jour. Sei. 76: 
23-25. S 1941. 

Croizat, L. Notes on the Euphorbiaceae. IT. Bull. Bot. Gard. Buitenzorg 17: 
204-208. Au 1941, 


Drew, W. B. & Helm, C. A. Representative Missouri weeds and their control. 


Mo. Agr. Sta. Bull. 433: 1-216. f. 1-88. Au 1941. 


Ewan, J. Isotype versus co-type as designators for duplicate type. Chron. Bot. 


7: 8,9. Ja 1942. 
Farwell, O. A. Contributions to the botany of Michigan, No. 18. Rhodora 43: 
633-635. D 1941. 
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Fasolo, U. Sul possibile valore sistematico del minimo lume vasale nei legni di 
‘*Angiospermae.’’ Chron, Bot, 6: 438, 439, D 1941. 

Fosberg, F. R. Notes on North American plants—l. Am, Midl. Nat, 26: 690 
695, f. 1-3. N 1941. 

Fosberg, F. R. Varieties of the strawberry guava. Proc. Biol. Soe. Washington 
54: 179, 180. 8 D 1941. 

Friedland, 8. The American species of Hemicarpha. Am, Jour. Bot. 28: 855 
861. f. 1-7. D 1941. 

Fulford, M. Studies on American Hepaticae. Il. A new species of Bazzania from 
the West Indies. Bryologist 44: 145, 146. f. 1-17. D 1941. 

Gates, F. C. Weeds in Kansas. Report Kansas State Bd. Agr. 60: 7-360, pl. 
1-9 + f. 1-380, Je 1941. 

Goodding, C. O. Three new species of Muhlenbergia. Jour, Wash, Acad. Sei, 31: 
504-506, 15 D 1941. 

Groh, H. Distribution in Ontario of Dracocephalum thymiflorum. Torreya 41: 
187, 188. 19 D 1941. 

Grout, A. J. The genus Fissidens in Puerto Rico. Bryologist 44: 136-144, D 
1941. 

Grout, A. J. A key to the Fissidentaceae of North America. Bryologist 44: 129 
136. D 1941. 

Hagen, S. H. A revision of the North American species of the genus Anisacanthus. 
Ann. Mo. Bot. Gard. 28: 385-408. pl. 16-18+1 f. N 1941. 

Hodge, W. H. Notes on Dominica ferns. Am, Fern Jour, 31: 121-127. pl. 
O-D 1941, 

Hollingshead, L. Chromosome studies in Sedum, subgenus Gormania, section 
Eugormania. Bull. Torrey Club 69: 41—43. f. 1-5. Ja 1942. 

Howell, J. T. A key to the Pteridophytes of Marin County, California, Wasmann 
Collector 4: 139-144. N 1941. 

Howell, J. T. Plant records from the Southern Sierra Nevada. Wasmann Col 
lector 4: 85-90. 1 pl. Ap 1941. 

Howell, J. T. The Templeton Crocker Expedition of the California Academy of 
Science, 1932, No. 40, The genus Sealesia. Proe. Cal. Aead. Sei. IV 22: 221 
271, 30 8 1941. 

Jaeger, E. C. Desert wild flowers. Revised edition. i-xxx, 1-322. plates + f. 1-764. 
Stanford Univ. Press, Stanford University, Cal., 1941. 

Jones, C. H. Studies in Ohio floristics. 1. Vegetation of Ohio bogs. Am, Midl. 
Nat. 26: 675-689. f. 1-4. D 1941. 

Melchior, H. Beitrag zur Systematik und Phylogenie der Gattung Tecoma. Ber. 
Deuts. Bot. Ges. 59: 18-31. f. 1, 2. 27 F 1941. 

Merrill, E. D. The Upper Burma plants collected by Captain F. Kingdon Ward 
on the Vernay-Cutting Expedition, 1938-39. Brittonia 4: 20-188, f. 1-3. 
D 1941. 

Merrill, E. D. & Perry, L. M. A summary of Kentrochrosia Lauterbach and 
Schumann. Philippine Jour. Sei, 76: 19-21, S 1941. 

Moldenke, H. N. Additional notes on the genus Aegiphila—VII. Phytologia 2: 
57-64, 1941. 

Moldenke, H. N. An introduced ladysthumb from Asia. Torreya 41: 193-198. 
19 D 1941. 

Moldenke, H. N. Miscellaneous taxonomic notes. Bull. Torrey Club 68: 675, 676. 
1 D 1941, 
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Moldenke, H. N. Plant novelties. Phytologia 2: 50-57. D 1941. 

Muller, C. The problem of genera and subgenera in the oaks. Chron, Bot, 7: 
12-14. Ja 1942. 

Parker, D. Some Hepaticae from northeastern Georgia. Bryologist 44: 154. 
D 1941. 

Popenoe, W. Plant resources of Guatemala. Chron. Bot, 7: 16-19. Ja 1942. 

Record, S. J. American woods of the family Flacourtiaceae. Trop. Woods 68: 
40-57. 1 D 1941. 

Rickett, H. W. Linnaeus’ Rules of Nomenclature. Torreya 41: 188-191. 19 D 
1941. 

Roland, A. E. The ferns of Nova Scotia. Proce. Nova Scotian Inst. Sei. 20: 64- 
120. f. 1-27. 18 D 1941. 

St. John, E. P. Habitats and distribution of Ophioglossum in Florida. Am, Fern 
Jour. 31: 1438-148. O-D 1941. 

Skottsberg, C. The Falkland Islands. Chron. Bot. 7: 23-26. Ja 1942. 

Sleumer, H. Vaccinioideen-Studien. Bot. Jahrb. 71: 375-510, 28 F 1941. 

Smith, A. C. The vegetation of the Guianas, a brief review. Chron. Bot. 6: 449 
452. D 1941. 

Smith, C. P. Species Lupinorum,. 225-240. Saratoga, Cal. D 1940, 241-256, Au 
1941, 257-272, 273-288, 289-304, S 1941. 

Steere, W. C. Neckeradelphus ; a new genus in the Neckeraceae. Bryologist 44: 
147-153. D 1941. 

Steyermark, J. A. Notes on Missouri plants. Rhodora 43: 658-663. D 1941. 

Sutliffe, D. Two Hepatics of the Sierra Nevada new for California. Bryologist 
44; 153. D 1941. 

Svenson, H. K. The vegetation of Ecuador, a brief review. Chron. Bot. 6: 446 
448. D 1941. 

Taylor, W. R. Tropical marine algae of the Arthur Scott Herbarium. Field Mus. 
Bot. Ser. 20: 85-104. pl. 1, 2. 29 N 1941. 

Van Melle, P. J. An unstable Dicentra. Torreya 41: 191, 192. 19 D 1941. 

Ward, F. K. The Vernay-Cutting Expedition, November, 1938, to April, 1939: 
report on the vegetation and flora of the Hpimaw and Htawgaw Hills, 
Northern Burma. Brittonia 4: 1-19. D 1941, 

Whelden, R. M. Some observations on freshwater algae of Florida. Jour. Elisha 
Mitchell Soc. 57: 261-271. pl. 5, 6. D 1941. 

White, A., Dyer, R. A. & Sloane, B. L. The succulent. Euphorbieae (Southern 
Africa). 1: xiv, 1-494 +11. pl. 1-10 + f. 1-507. 2: 495-990, pl. 11-26 + f. 508- 
1102. Abbey Garden Press, Pasadena, California, 1941. 

Whyte, R. O. The grasslands of Latin America. Chron. Bot, 6: 443-446. D 1941. 

Williams, L. O. A new Liparis from Fiji. Am. Orehid Soe, Bull. 10: 201. pl. 7. 
1 D 1941, 

Woodson, R. E. & Schery, R. W. Contributions toward a flora of Panama. V. 
Collections chiefly by Paul H. Allen, and Robert E. Woodson, Jr., and Robert 
W. Schery. Ann. Mo. Bot. Gard. 28: 409-499, pl. 19-254+f. 1, 2. N 1941. 


Yuncker, T. G. The vegetation of Honduras, a brief review. Chron. Bot. 7: 26, 


27. Ja 1942. 
MORPHOLOGY 
(including anatomy, and cytology in part) 


(See also under Taxonomy: Fasolo; Hollingshead. Under Mycology: 
Johnson & Brown. Under Genetics : Coleman) 


Abbe, E. C., Randolph, L. F. & Einset, J. The developmental relationship between 
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shoot apex and growth pattern of leaf blade in diploid maize. Am, Jour, 
Bot, 28: 778-784. f. 1-5. 12 D 1941. 

Ball, E. The development of the shoot apex and of the primary thickening meri 
stem in Phoenix canariensis Chaub., with comparisons to Washingtonia fili- 
fera Wats. and Trachycarpus excelsa Wendl. Am, Jour. Bot, 28: 820-832, 
f. 1-17. 12 D 1941. 

Blaser, H. W. Studies in the morphology of the Cyperaceae. I. Morphology of 
flowers. B. Rhynchosporoid genera. Am. Jour. Bot. 28: 832-838. f. 87-1338. 
12 D 1941. 

Cooper, D. C. Macrosporogenesis and the development of the seed of Phryma 
leptostachya. Am, Jour, Bot, 28: 755-761. f. 1-5. 12 D 1941. 

Cross, G. L. & Johnson, T. J. Structural features of the shoot apices of diploid 
and colchicine-induced tetraploid strains of Vinca rosea L. Bull. Torrey 
Club 68: 618-635. f. 1-24. 1 D 1941. 

Duncan, R. E. Apogamy in Doodia caudata. Am. Jour. Bot. 28: 921-931, f. 
1-37, D 1941. 

Farr, W. K. Formation of microscopic cellulose particles in colorless plastids of 
the cotton fiber. Contr. Boyce Thompson Inst, 12: 181-194. f. 1-9. O-D 
1941. 

Fulford, M. Studies on American Hepaticae—II1. Vegetative reproduction in 
Bryopteris fruticulosa, Bull. Torrey Club 68: 636-639. f. 1-73. 1 D 1941. 

Haccius, B. Untersuchungen zur zerstreuten Blattstellung bei den Dikotylen. 
Chron. Bot. 7: 6, 7. f. 1-2. Ja 1942. 

Johansen, D. A. A proposed new botanical term. Chron. Bot. 6: 440, D 1941. 

Marroquin, A. 8S. & Winter, H. A. Un estudio morfologico de la plantula de 
Claytonia virginica L. An, Ese. Nae. Cien. Biol. | Mexico] 2: 191-215, pl. 
11-16, 1941, 

Matzke, E. B. Gametophytes of Equisetium Arvense L. Torreya 41: 181-187. 
f. 1-4.19 D 1941. 

Mendes, A. J. T. Cytological observations in Coffea. VI. Embryo and endosperm 
development in Coffea arabica L. Am, Jour, Bot. 28: 784-789. f. 1-18. 
12 D 1941, 

Thompson, R. H. The morphology of Riella affinis, I. Germination of the spore 
and development of the thallus. Am. Jour. Bot. 28: 845-855. f. 1-67. D 
1941. 

Whitehouse, W. E. & Stone, C. L. Some aspects of dichogamy and pollination in 
pistache. Proce. Am. Soc. Hort, Sci, 39: 95-100. f. 1, 2. 8 1941. 

Williams, 8. Secondary vascular tissues of the oaks indigenous to the United 
States—II. Types of tyloses and their distribution in Erythrobalanus and 
Leucobalanus. Bull. Torrey Club 69: 1-10, f. 1-10. Ja 1942. 

Withner, C. L. Stem anatomy and phylogeny in the Rhoipteleaceae. Am, Jour. 
sot. 28: 872-878. f. 1-9. D 1941. 


PLANT PHYSIOLOGY 
(See also under Mycology: Timonin) 
Aldrich, W. W. & Young, T. R. Carbohydrate changes in the date palm during 
the summer. Proc. Am. Soe. Hort. Sci. 39: 110-118. f. 1-9. S 1941. 
Burkholder, P. R. Some experiments with growth curvatures and growth sub 
stances. Am. Jour. Bot. 28: 911-921, f. 1-5. D 1941. 
Byers, H. G. On the occurrence of selenium in plants. Chron. Bot. 7: 4-6. Ja 
1942. 
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Cole, P. A. The ultraviolet absorption spectra of different regions of Trichophy- 
ton mentagrophytes spores. Am. Jour. Bot. 28: 931-934, f. 1-5. D 1941. 

Day, D. Thiamin content of agar. Bull. Torrey Club 69: 11-20. f. 1. Ja 1942. 

Emerson, R. & Lewis, C. M. Carbon dioxide exchange and the measurement of 
the quantum yield of photosynthesis. Am. Jour. Bot, 28: 789-804, f. 1-6. 
12 D 1941, 

Franck, J. & French, C. S. Photoxidation processes in plants. Jour. Gen. Physiol. 
25: 309-324. f. 1-6. 20 N 1941. 

Gray, G. F. Transpiration in strawberries as affected by root temperature. Proce. 
Am, Soe. Hort. Sei. 39: 269-273. f. 1, 2. 8 1941. 

Gustafson, F. G. The extraction of growth hormones from plants. Am. Jour. 
Bot. 28: 947-951. D 1941. 

Guthrie, J. D. A preparation from yeast that is active in breaking the rest period 
of buds. Contr. Boyce Thompson Inst. 12: 195-201. O-D 1941. 

Hendrickson, A. H. & Veihmeyer, F. J. Some factors affecting the rate of growth 
of pears. Proc. Am. Soe, Hort, Sci. 39: 1-7. f. 1-4. 8 1941. 

Kroeger, G. S. Dormancy in seeds of Impatiens balsamina L. Contr. Boyce 
Thompson Inst. 12: 203-212. f. 1-3. O-D 1941. 

Langham, D. G. The effect of light on growth habit of plants. Am. Jour, Bot. 
28: 951-956. f. 1-6. D 1941. 

McCann, L. P. ef al. Factors affecting time of initiation and rate of development 
of pistillate flowers of the Tung tree. Proc. Am, Soc, Hort. Sei. 39: 157- 
160. f. 1, 2.8 1941. 

McCool, M. M. Effect of temperature on the availability of insoluble nitrogen. 
Contr. Boyce Thompson Inst. 12: 213-216, f. 1. O-D 1941. 

Mackinnon, J. E. The effect of Actinomyces albys and of thiamin on the growth 
of Trichophyton discoides. Bull, Torrey Club 69: 21-26, f. 1-5. Ja 1942. 

McNair, J. B. Energy and evolution. Phytologia 2: 33-50. D 1941. 

McNair, J. B. Epiphytes, parasites and geophytes and the production of alka- 
loids, cyanogenetic and organic sulphur compounds. Am. Jour. Bot, 28: 
733-737. 12 D 1941. 

Parker, E. R. & Southwick, R. W. Manganese deficiency in citrus. Proce, Am. 
Soc. Hort, Sei. 39: 51-58. f. 1. 8 1941. 

Robbins, W. J. & Kavanagh, V. Plant growth substances. Ann. Rev. Biochem. 
10: 491-508. 1941. 

Roberts, R. H. Photoperiodism. Chron. Bot. 6: 437, 438. D 1941. 

Salvin, S. B. Comparative studies on the primary and secondary zoéspores of the 
Saprolegniaceae. I. Influence of temperature. Mycologia 33: 592-600. f. 
1,2. N-D 1941. 

Schneider, C. L. The effect of red light on growth of the Avena seedlings with 
special reference to the first internode. Am, Jour, Bot, 28: 878-886, f. 1-12. 
D 1941. 

Sisson, W. A. X-ray studies regarding the formation and orientation of erystal- 
line cellulose in the cell wall of Valonia, Contr. Boyce Thompson Inst, 12: 
171-180. f. 1, 2. O-D 1941. 

Sommer, A. L. Mineral nutrition of plants. Ann. Rev. Biochem, 10: 471-490. 
1941, 

Stier, T. J. B. & Castor, J. G. B. On the production and use of permanently 
altered strains of yeast for studies of in vivo metabolie organization. Jour. 
Gen. Physiol, 25: 229-233. 20 N 1941. 
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Stoutemyer, V. T. A comparison on rooting induced by acid and by amide growth 
substance. Proce. Am. Soe. Hort. Sei, 39: 253-258. S 1941. 

Takahashi, W. N. Changes in nitrogen and virus content of detached tobacco 
leaves in darkness. Phytopathology 31: 1115-1122, D 1941. 

Van Horn, C. W. Delayed foliation of pecan trees in Arizona. Proce, Am, Soe. 
Hort. Sei. 39: 87-94. f. 1, 2.8 1941. 

Wood, J. G. Metabolism of sulphur in plants. Chron, Bot. 7: 1-4. Ja 1942. 


MYCOLOGY AND PHYTOPATHOLOGY 


(See also under Plant Physiology: Mackinnon; Parker & Southwick ; 
Salvin; Stier & Castor) 


Berdan, H. B. A developmental study of three saprophytic chytrids. II. Cateno 
chytridium carolinianum Berdan. Am, Jour, Bot. 28: 901-911. f. 1-72. 
D 1941. 

Bliss, D. E. Relation of Ceratostomella radicicola to rhizosis of the date palm. 
Phytopathology 31: 1123-1129, f. 1-5. D 1941, 

Chester, K. S. The probability law in cotton seedling disease. Phytopathology 
31: 1078-1088, f. 1-4. D 1941. 

Clayton, E. E. & McKinney, H. H. Resistance to the common mosaic disease of 
tobacco. Phytopathology 31: 1140-1144. f. 17. D 1941. 

Dodge, B. O. Discharge of the sporangioles of bird’s nest fungi. Mycologia 33: 
650-654. f. 1, 2. N—D 1941. 

Fawcett, H. S. Virus nomenclature. Chron. Bot. 7: 8. Ja 1942. 

Hillegas, A. B. Observations on a new species of Cladochytrium. Mycologia 33: 
618-632. f. 1-40, N-D 1941. 

Holmes, F. O. A distinctive strain of tobacco-mosaie virus from Plantago. 
Phytopathology 31: 1089-1098. f. 7-3. D 1941, 

Johnson, G. T. & Brown, W. L. Stages in the development of Thelotrema inte? 
positum. Mycologia 33: 601-608, f. 1-9. N—D 1941. 

Keitt, G. W. & Langford, M. H. A preliminary report on genetic studies on 
pathogenicity and the nature of saltation in Venturia inaequalis. Phyto 
pathology 31: 1142. D 1941. 

Keitt, G. W. & Langford, M. H. Venturia inaequalis (Cke.) Wint, I. A ground 
work for genetic studies. Am, Jour. Bot. 28: 805-820, pl. 1-5 +f. 1. 12 D 
1941. 

Kunkel, L. O. Heat cure of aster yellows in periwinkles. Am, Jour. Bot. 28: 
761-769. f. 1, 2.12 D 1941. 

Loustalot, A. J. & Hamilton, J. Effects of downy spot on photosynthesis and 
transpiration of pecan leaves in the fall. Proce. Am. Soe. Hort. Sci, 39: 
80-84. f. 1.S 1941. 

McKinney, H. H. Virus-antagonism tests and their limitations for establishing 
relationship between mutants, and non-relationship between distinct viruses. 
Am. Jour. Bot. 28: 770-778, 12 D 1941. 

Mains, E. B. Cordyceps stylophora and Cordyceps ravenelii. Mycologia 33: 611- 
617. f. 1, 2. N-D 1941. 

Miller, V. M. & Bonar, L. A study in the Perisporiaceae, Capnodiaceae, and some 
other sooty molds from California. Cal. Univ. Publ. Bot. 19: 405-428, pl. 
67-70. 7 N 1941. 

Morse, E. E. Podavis pistillaris. 11. Mycologia 33: 609-610, N—D 1941. 

Olson, A. J. A root disease of Jeffrey and ponderosa pine reproduction. Phyto 
pathology 31: 1063-1077. f. 1-3. D 1941, 
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Presley, J. T. Saltants from a monosporie culture of Verticillum albo-atrum. 
Phyiopathology 31: 1135-1139. f. 1, 2. D 1941. 

Raper, K. B. Dictyostelium minutum, a second new species of slime mold from 
decaying forest leaves. Mycologia 33: 633-649. f. 1-4, N—D 1941. 

Satina, S. & Blakeslee, A. F. Periclinal chimeras in Datura stramonium in rela- 
tion to development of leaf and flower. Am. Jour, Bot. 28: 862-871. f. 
1-49. D 1941, 

Seaver, F. J. Sarcosphaera coronaria. Mycologia 33: 579. col. pl. N—D 1941. 

Smith, A. H. New and unusual Cortinarii from Michigan, with a key to the North 
American species of subgenus Bulbopodium. Bull. Torrey Club 69: 44-64. 
f. 1-7. Ja 1942. 

Smith, A. L. The reaction of cotton varieties to Fusarium wilt and root-knot 
nematode. Phytopathology 31: 1099-1107. f. 1-3. D 1941. 

Snyder, W. C. & Hansen, H. N. The effect of light on taxonomic characters in 
Fusarium, Mycology 33: 580-591. f. 1. N-D 1941. 

Snyder, W. C. & Hansen, H. N. The species concept in Fusarium with reference 
to section Martiella. Am. Jour. Bot. 28: 738-742. 12 D 1941. 

Sprague, R. A blotch and char-spot of western grasses. Northwest Sci. 15: 81- 
85. N 1941. 

Sprague, R. Some leaf spot fungi on western Gramineae. Mycologia 33: 655 
665. f. 1. N—D 1941. 

Stevens, N. E. & Stevens, R. B. Recent developments in plant diseases in the 
United States. Bot. Rev. 7: 714-736. f. 1-11. D 1941. 

Timonin, M. I. Microbial activity as influenced by root excretions. Chron. Bot. 
6: 440. D 1941. 

Tompkins, C. M. & Ark, P. A. Verticillium wilt of strawflower. Phytopathology 
31: 1131-1134. f. 1-8. D 1941. 


GENETICS 
(including cytogenetics) 
(See also under Mycology: Keitt & Langford; Presley. 
Under Morphology: Satina & Blakeslee) 

Avery, A. G. & Blakeslee, A. F. A white-flowered race of Datura which is geneti 
cally distinct from similar white races in nature. Proc, Nat. Acad. Sci, 27: 
512-518, N 1941. 

Baldwin, J. T. & Culp, R. Polyploidy in Diospyros virginiana L. Am, Jour, Bot. 
28: 942-944, f. 1-4. D 1941. 

Bamford, R. Chromosome number and hybridization in Gladiolus. Jour. Hered. 
32: 419-422. illust. D 1941. 

Coleman, L. C. The relation of chromocenters to the differential segments in 
Rhoeo discolor Hance. Am, Jour. Bot, 28: 742-748. f. 1-14. 12 D 1941. 
Hubricht, L. & Anderson, E. Vicinism in Tradescantia. Am. Jour. Bot. 28: 957. 

D 1941, 
PALEOBOTANY 

Axelrod, D. L. The concept of ecospecies in tertiary paleobotany. Proc. Nat. 
Aead. Sei. 27: 545-551. D 1941. 

Berry, E. W. Pinus and Quercus in the Chesapeake Miocene. Jour. Wash. 
Aead. Sei. 31: 506-508. f. 1, 2. 15 D 1941, 

Kirchheimer, F. Bemerkungen zur Diagnostik und Nomenklatur Fossiler Angio- 

spermenreste. Chron. Bot. 6: 439, 440, D 1941. 
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ECOLOGY AND PLANT GEOGRAPHY 

Beath, O. A., Gilbert, C. S. & Eppson, H. F. The use of indicator plants in locat 
ing seleniferous areas in western United States IV. Progress report. Am. 
Jour, Bot. 28: 887-900. f. 1-10. D 1941. 

Glock, W. 8. Growth rings and climate. Bot. Rev. 7: 649-713, D 1941. 

Hilton, J. W. Effects of certain microecological factors on the germinability and 
early development of Eurotia lanata. Northwest. Sei, 15: 86-92. N 1941. 

McCullough, H. M. Studies in soil relations of species of violets. Am. Jour. Bot. 
28: 934-941. f. 1. D 1941. 


GENERAL BOTANY 


(including biography) 
(See also under Morphology: Fulford) 


Asmous, V. C. P. S. Pallas as a botanist and explorer (1741-1811). Chron. Bot. 
7: 14. Ja 1942. 

Benedict, R. C. The gold rush: a fern ally. Am. Fern Jour. 31: 127-130, O-D 
1941. 


Train, P., Henrichs, J. R. & Archer, W. A. Medicinal uses of plants by Indian 
tribes of Nevada. Jn Contrib. towards a flora of Nevada no. 33. Part I 
(pages 1-61). Part II (62-129). Part IIT (130-199). U. S. Dept. Agr. Div. 
Plant Exploration. Bur, Plant Ind. 1 D 1941. 





